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4.3-21    Mean  increase  in  plant  height  after  a  three-month        4.3-59 
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Section  1.0 
SUMMARY 

This  "Progress  Report—Environmental  Programs"  describes  field 
environmental  studies  conducted  during  1980  on  Federal  Prototype  Oil  Shale 
Tracts  Ua  and  Ub  located  in  northeastern  Utah.  With  exception  of  the  water 
resources  monitoring  program  this  report  covers  calendar  year  1980.  The 
water  section  is  based  upon  the  1980  water  year  (October  1,  1979  through 
September  30,  1980).  During  these  periods  the  White  River  Shale  Project 
through  various  environmental  consultants  continued  to  evaluate  the  tracts 
air,  water,  and  terrestrial  biology  resources.  Water  data  collected  by  the 
U.S.  Geological  Survey  and  the  Bureau  of  Land  Management  are   also  included, 
where  appropriate. 

Precipitation  for  1980  was  about  average  at  the  eight  monitoring 
stations.  Average  precipitation  for  the  water  year  was  9.73  inches  (24.72 
cm)  varying  from  a  high  of  11.33  inches  (28.78  cm)  south  of  the  tracts  to  a 
low  of  8.20  inches  (20.83  cm)  west  of  the  tracts.  Net  evaporation  over  the 
period  May,  1980  through  September,  1980  was  33.54  inches  (85.19  cm)  with 
May  being  the  lowest  month  and  June  the  highest. 

Streamflow  in  the  White  River  for  1980  was  slightly  less  than  1979  but 
within  the  average  flow  measured  since  1975.  The  daily  discharge  of  the 
White  River  at  Station  6700  (downstream  of  the  tracts)  varied  from  206  cubic 
feet  per  second  (cfs)  in  December,  1979  to  2850  cfs  in  May  1980.  The  total 
annual  runoff  for  1980  water  year  was  520,600  acre  feet. 

Data  collected  during  the  year  indicated  that  there  was  little 
variation  in  the  physical  or  chemical  composition  of  surface  water  between 
the  White  River  Stations  or  between  the  years  of  study  (1975-1980). 


1.0-1 


Suspended  sediment  data  for  Station  6395  operated  by  the  USGS  upstream  of 
the  tracts  were  not  available  for  this  report. 

The  flow  regime  in  Evacuation  Creek  during  1980  was  somewhat  different 
than  previous  years.  While  the  peak  flow  was  less  than  that  measured  in 
1979  (highest  during  period  of  record),  the  average  discharge  and  total 
annual  runoff  were  significantly  higher  than  previously  recorded.  Water 
quality  generally  remained  within  the  limits  established  during  previous 
years. 

Flows  within  the  dry  washes  (Asphalt  Wash,  Southam  Canyon,  and  Hell's 
Hole  Canyon)  reflected  the  passage  of  localized  storms.  The  peak  discharge 
in  Asphalt  Wash  was  significantly  higher  than  previous  years  and  also  higher 
(relatively)  than  the  other  dry  washes.  This  was  due  to  one  intense 
thunderstorm  and  the  indirect  means  of  calculating  flow  in  Asphalt  Wash. 
Water  quality  data  continued  to  show  wide  variations,  which  is  the  nature  of 
dry  washes  and  reflective  to  some  degree  of  dry  wash  sampling  procedures. 

Bedrock  aquifer  monitoring  continued  at  12  wells  on-tract.  Water 
levels  within  the  wells  were  remarkably  stable  during  the  year. 
Measurements  were  similar  to  previously  collected  data. 

The  alluvial  well  monitoring  program  was  reduced  to  3  wells  during 
1980.  Water  levels  showed  historical  seasonal  variations,  being  highest  in 
late  Spring  (June-July)  and  lowest  in  early  Fall  (September-November). 
Water  quality  has  stabilized  in  these  wells. 

The  air  resources  program  continued  during  1980  with  one  air  quality 
monitoring  site  and  four  meteorological  monitoring  sites. 

Several  instrument  changes  were  instituted  during  1980  to  comply  with 
applicable  EPA  monitoring  guidelines.  A  collocated  hi-vol  sampler  was 
installed  at  Site  A-6  to  provide  additional  data  precision.  The  SO2  and 
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CO  analyzers  were  replaced  in  early  1980.  Both  the  H2S  and  hydrocarbon 
analyzers  were  removed  from  service  during  1980.   Early  in  1981  prior  to 
preparing  the  1980  report,  problems  were  detected  in  three  meteorological 
monitoring  instruments;  namely,  wind  direction  at  10  meters  at  Site  A-6  and 
sigma  theta  at  10  meters  at  Sites  A-4  and  A-6.  This  report  includes  the 
corrected  1980  date. 

Air  quality  continued  to  be  very   good  over  the  tracts  during  the  year. 
Except  for  ozone,  which  has  a  natural  non-zero  background,  almost  all 
gaseous  pollutant  monitoring  instruments  measured  at  or  near  their  threshold 
limits.  This  is  consistent  with  previously  recorded  data.  Ozone 
concentrations  remained  within  the  limits  of  previously  recorded  data  with  a 
peak  hourly  value  of  143  ug/m-^  as  compared  to  the  air  quality  standard  of 
235  Mg/m^.  Particulate  concentrations  (based  upon  annual  geometric  mean) 
reversed  a  four  year  decline  measuring  19.6  ug/m^  compared  with  the 
secondary  standard  of  60  ug/m^.  Particulate  concentrations  since  1975 
have  tended  to  follow  wind  speed  variations.  The  peak  24-hour  particulate 
concentration  was  127.0  ug/m^  compared  with  the  secondary  standard  of  150 
ug/m3. 

Biological  monitoring  during  1980  continued  with  evaluation  of 
terrestrial  vertebrate  populations,  vegetation  resources,  and  land 
reclamation  research. 

With  regard  to  vegetation  conditions,  1980  was  very   nearly  an  average 
year.  Precipitation  was  fairly  evenly  distributed  throughout  the  year. 
Spotty  precipitation  in  the  spring  months  was  generally  favorable  for  growth 
of  small  forbes  and  grasses  and  encouraged  the  production  of  better  than 
average  seed  crops  by  most  species. 

Annual  species  biomass  production  during  1980  was  less  than  normal. 
Sagebrush  stem  growth  was  less  variable  across  the  tracts  due  to  the  fairly 
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even  distribution  of  rainfall.   Data  confirms  a  high  correlation  between 
perennial  growth  and  fall/winter  precipitation  and  between  annual  growth  and 
springtime  precipitation. 

Plants  established  in  prior  year  research  projects  did  not  appear  to  be 
stressed  during  1980  and  by  all  measures  can  be  considered  as  a  part  of  the 
"permanent"  vegetation.   Problems  associated  with  high  planting  density  are 
developing  as  the  plants  compete  for  moisture  and  soil  nutrients. 

A  number  of  reclamation  research  projects  continued  during  1980. 
Results  have  shown  that  removal  of  weeds  for  two  years  significantly 
improves  plant  survival,  pruning  of  older  planting  stock  improves  survival, 
and  mycorrhizal  inoculations  improve  plant  species  "heartiness"  and 
adaptability.  Studies  using  the  water  harvesting  technique  also  continue 
to  produce  encouraging  results. 

Terrestrial  vertebrate  monitoring  has  also  continued  from  previous 
years.  Amphibians  have  remained  at  low  levels  since  the  1977  drought  year. 
Reptilian  abundance  and  species  richness  were  unchanged  from  previous  years. 
Avian  abundance  and  species  richness  also  continued  to  follow  established 
trends  with  June  being  the  best  month  and  the  riparian  habitat  the  most 
heavily  used.   Bat  abundance  is  beginning  to  recover  from  the  low  year 
(1978).  Cottontail  rabbits  and  other  wild  animals  continue  at  very   low 
levels.  Rodent  density,  however,  is  beginning  to  increase.  Like  large 
mammals,  rodent  increase  lagged  one  year  behind  an  increase  in  primary 
production.  Unlike  large  mammals,  rodents  did  not  slowly  decline  during  and 
after  the  1977  drought,  but  crashed  and  are  now  recovering. 

During  1980  insects  (prey  base  of  certain  vertebrates)  were  also 
investigated  during  the  months  of  June  and  August.  Data  are  presented  on 
species  encountered  in  Section  4.3.2. 
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Beginning  in  1981,  the  field  monitoring  program  will  be  expanded  to 
complete  baseline  data  collection.  The  1981  data  will  provide  a  sound  basis 
from  which  to  judge  the  impacts  resulting  from  project  development  and  the 
success  of  our  planned  mitigation  and  reclamation  programs. 
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Section  2.0 
INTRODUCTION 

The  White  River  Shale  Project  (WRSP)  was  formed  in  1974  to  plan  for 
and  implement  the  joint  development  of  the  two  Federal  Prototype  Oil  Shale 
Lease  Program  Tracts  Ua  and  Ub  in  northeastern  Utah.  Figure  2.0-1  shows 
the  location  of  the  two  tracts,  each  5,120  acres  in  size. 

Ua  and  Ub  are  located  about  fifty  road  miles  southeast  of  Vernal, 
Utah.  The  White  River  flows  just  to  the  north  of  the  properties. 

WRSP  is  responsible  to  Phillips  Petroleum  Company,  Sohio  Shale  Oil 
Company,  and  Sunoco  Energy  Development  Company  (Sunedco)  in  implementing 
plans  for  the  development  of  the  oil  shale  resource  of  Tracts  Ua  and  Ub. 
Sunedco  and  Phillips  hold  the  lease  to  Ua.  Sohio  holds  the  Ub  lease. 

Three  significant  tasks  have  been  completed  by  WRSP  since  work  under 
the  leases  began  in  1974.  First,  the  Detailed  Development  Plan  required 
by  the  leases  was  submitted  to  the  U.  S.  Geological  Survey  --  Area  Oil 
Shale  Supervisor  (AOSS)  in  June  of  1976.  This  plan  describes  the 
schedule,  activities,  and  expected  results  associated  with  the  planning, 
construction,  and  operation  of  a  commercial  shale  oil  production  facility 
on  Tracts  Ua  and  Ub.  Efforts  began  in  1980  to  update  the  1976  DDP. 
Second,  the  required  two  year  environmental  monitoring  and  data  collection 
program  was  completed  in  January  1977.  The  final  report  on  this  work  was 
published  in  October  of  1977.  Third,  to  develop  a  technology  for 
revegetating  disturbed  sites  and  processed  shale  disposal  areas,  a  study 
was  conducted  covering  the  period  November,  1974  through  December,  1978 
and  a  final  report  issued  in  June,  1979. 
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Operations  under  the  Ua  and  Ub  leases  were  initially  suspended  by  the 
Department  of  Interior  for  one  year   starting  November  1,  1976.  This 
action  postponed  the  approval  (by  the  Area  Oil  Shale  Supervisor)  and 
implementation  of  the  program  described  in  the  Detailed  Development  Plan. 
The  lease  terms  were  suspended  because  environmental  monitoring  work  had 
shown  the  presence  of  ozone  and  non-methane  hydrocarbon  gases  in  the  air 
around  the  Ua  and  Ub  tracts  at  levels  which  exceeded  the  National  Ambient 
Air  Quality  Standards.   In  January,  1979  the  standard  for  ozone  was 
revised  which  allowed  higher  ambient  levels  of  ozone  to  be  acceptable. 
Since  this  change,  violations  of  the  ozone  standard  have  not  occurred  on 
Ua/Ub  tracts. 

A  second  suspension  of  lease  terms  became  effective  May  31,  1977, 
which  preceded  expiration  of  the  first  suspension  period.  An  injunction 
suspending  the  terms  and  obligations  of  the  two  leases  was  granted  by  the 
Utah  Federal  District  Court  at  the  request  of  WRSP  owners.  The  basis  for 
this  injunction  involved  several  questions  regarding  the  current  and 
eventual  validity  of  the  Federal  leases  held  by  the  WRSP  companies.  These 
questions  arose  from  a  dispute  between  the  State  of  Utah  and  the 
Department  of  Interior  relative  to  in-lieu  land  selection  by  the  State, 
the  existance  of  certain  unpatented  mining  claims,  and  litigation 
concerning  another  company's  filing  for  a  Utah  state  lease  on  the  area 
covered  by  the  Federal  leases  to  Ua  and  Ub.  More  recently  an  issue 
relative  to  a  Ute  Indian  claim  concerning  the  old  Uncompaghre  Reservation 
continued  to  cloud  title  for  the  tracts  during  1980. 

The  court  order  suspending  the  terms,  obligations,  and  conditions  of 
Ua  and  Ub  Federal  lease  terms  was  in  effect  during  1980. 
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WRSP,  however,  has  continued  to  collect  data  concerning  air,  water, 
and  biological  resources  around  Ua/Ub.  The  basic  reasons  for  this 
continuing  program  were  a  desire  to  confirm  some  observations  made  during 
the  baseline  study  period,  evaluate  environmental  trends  apparent  only 
through  multi-year  study,  track  ambient  ozone  and  non-methane  hydrocarbon 
levels  over  an  extended  period,  evaluate  more  refined  biological  resources 
monitoring  techniques,  and  to  complete  a  revegetation  research  program. 
The  scope  of  activities  carried  out  during  1980  are  shown  in  Figure 
2.0-2. 

The  purpose  of  this  "Annual  Report  --  Environmental  Programs"  is  to 
report  on  the  results  of  activities  related  to  WRSP's  environmental 
monitoring,  data  collection,  and  research  efforts  associated  with  Tracts 
Ua  and  Ub  during  1980. 


2.0-4 


o 

CO 


a: 


Q£ 


CO 


l  uw 

L   330 

L   AON 

L  130 

L  ld3S 

L  onv 
l  Ainr 

L   3Nflf 
L  AVW 

L  adv 

L  UVW 


/> 


<> 


/ 


y 


■■■' 


t  93d" 
.A 


L  NVP' 

L  330 

I  AON 

L  130 


/ 


/' 


C\J 
I 

o 


ca 

CO 


CC 


cc 

Q 

LU 

O 

cc 


LU 


LlJ 


Q 
LU 

CO 

co 


co 

<: 


<0 


<*« 


o 

O     S-  -r- 
CD   ■»-> 


CO 

•.-  «3-  e 

E  3 


-t-> 
-cTT 


-3- 
+-> 

o 


S- 

o 


C 
3 


o 

Cl 

-Or 


Q. 
O 


e 
ro 


<««« 


-cr 

-o    m 
o  Q 


O)    <u 
d_  a. 


«« 


*— * 


*-• 


4      4 


<4 


co 


a: 
O 


(O 


CC 


cu 
a 
<o 
4- 

s- 

3 
CO 


a 

(O 

> 


r- 
S~ 

•>  a> 

•  > 

"O  i- 

e  a; 
o 
co  a) 

+■> 

o 


a> 

O) 

s- 

CO 


e 


ro 
.e 
c_> 

Q 


O  O  O 
OO  O  i— 

<3-  r^  co 

CD  CO  CO 


t- 

> 
•i — 
cc 


E 

CU 

CO 


i—  oo 

CM  i —  i — 

I      I      I 

OO  CO  CO 


>>  CU 


fo  : 

3 

o- 


e  cu 
o  e 

i-  e 
+->  re 
"3  -E 
3  O 
O 
rO    >> 

>  s- 


i_ 
<D 
4- 

3 
cr 

a) 

<->  ^ 
o 

o 

c. 

■a 

CD 


CL 

E 
a; 


i—  -o 


a; 


o 
c_> 


03  i— 


> 
3 


■o 

e 

3 

o 

s- 

CO 


E 

o 

•r-  C 

4->  O 

ro         •!- 


a.  s- 

■r-  O 

U  Cl 

O)  ro 

S-  > 

a.  lu 


to 
cu 
u 

s- 

3 
O 
to 
a; 
a: 


to  to 

4->  -a 

U  T-     tO 

a)  s-  -a 

to  CO  •!— 

e        s_ 

fO    CLCO 
s-   rO 

r-    i- 


en 

E  i— 


re 


rO  -r- 

>>+->  x: 

aid)  w  E 

O    CD  3  CO 
i—    CD  r— 
O  >  Lu 

CQ 


ro 


CO 

CU 


3 


CD 

3 

•r- 
-t-> 

c 
o 
o 


CD 
CO 

S- 
rO 


CO 
LU 


LU 


to 

ro 

CU 

■*-> 

c_> 

E 

+-> 

ro 

U 

E 

E 

s_ 

•r— 

o 

4-> 

4- 

CO 

s- 

•r— 

ai 

-a 

Cl. 

O 


CO 

II 


+-> 

S- 
ro 
+-> 
to 


CO 
LU 


2.0-5 


Section  3.0 

BASELINE  ENVIRONMENTAL  MONITORING  PROGRAM 

The  purpose  of  the  Final  Environmental  Baseline  Report  was  to  present  the 
results  of  two  years  of  environmental  baseline  monitoring  and  data 
collection  as  required  by  the  lease  terms  of  the  Federal  Prototype  Oil 
Shale  Leases  Ua  and  Ub.  Data  collection  was  completed  on  January  15,  1977, 
and  the  final  report  published  in  October,  1977. 

The  program's  purpose  was  to  compile  data  to  determine  the 
environmental  conditions  existing  on  the  tracts  prior  to  any  development 
operations  under  the  leases.  It  provides  a  reference  point  for  evaluating 
both  natural  and  anthropogenic  changes. 

The  baseline  period  was  generally  the  years  1975  and  1976.  The  two 
baseline  "water"  years,  however,  were  October  1,  1974  through  September  30, 
1976. 
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Section  4.0 
ENVIRONMENTAL  MONITORING  PROGRAM 

The  purpose  of  this  section  is  to  discuss  the  work  carried  out  during 
1980,  regarding  the  water,  air,  and  biological  resources  of  Tracts  Ua  and 
Ub.  This  work  is  a  continuation  of  the  environmental  monitoring  program 
that  has  operated  without  interruption  since  1974. 

The  majority  of  the  background  environmental  monitoring  data  necessary 
to  satisfy  the  requirements  of  the  lease,  acquire  permits,  and  provide  a 
base  for  evaluating  the  effects  of  oil  shale  development  was  completed 
during  the  two-year  Environmental  Baseline  Monitoring  and  Data  Collection 
Program.  Consequently,  the  environmental  monitoring  program  since  January 
1977  has  been  continued  for  three  primary  reasons:   (1)  to  maintain  the 
applicability  of  the  baseline  results  to  future  periods  of  time,  (2)  to 
track  ambient  ozone  and  non-methane  hydrocarbons  concentration  levels,  and 
(3)  to  evaluate  techniques  for  separating  natural  fluctuations  in  the 
parameters  that  affect  the  ecosystem  from  those  induced  by  human 
activities. 

The  program  carried  out  since  the  completion  of  the  Baseline  study  is 
called  the  Interim  Monitoring  Program.   It  is  anticipated  that  this  interim 
program  will  continue  during  all  or  part  of  the  time  between  the  completion 
of  the  Baseline  study  period  and  commencement  of  the  monitoring  activities 
that  will  be  conducted  during  oil  shale  development  work  on  Ua  and  Ub. 

The  remainder  of  this  section  discusses  work  conducted  during  the 
period  October  1,  1979  -  September  30,  1980  for  water  resources,  and  during 
January  1,  1980  -  December  31,  1980  for  air  and  biological  resources. 
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4.1  WATER  RESOURCES 

The  two  year  water  resources  Environmental  Baseline  Monitoring 
Program  was  completed  in  total  in  January  1977.  An  Interim  Monitoring 
Program  was  implemented  after  completion  of  the  Baseline  Program.  This 
section  of  the  Progress  Report  presents  and  discusses  the  water  re- 
sources monitoring  work  performed  during  the  period  October  1,  1979 
through  September  30,  1980. 

The  United  States  Geological  Survey  (USGS)  has  been  conducting  a 
water  resources  data  collection  program  in  the  Southeastern  Uinta 
Basin.  During  the  1980  water  year,  the  USGS  efforts  involved  the 
collection  of  streamflow  and  water  quality  data  in  the  immediate 
vicinity  of  Tracts  Ua/Ub.  The  WRSP  surface  water  monitoring  program 
was  designed  to  be  used  in  conjunction  with  pertinent  portions  of  the 
USGS  program.  The  two  data  collection  programs  monitored  streamflow, 
suspended  sediment,  and  water  quality  at  locations  on  the  White  River, 
Evacuation  Creek,  and  at  the  mouth  of  Southam  Canyon.  Also,  streamflow 
was  monitored  at  the  mouths  of  Hell's  Hole  Canyon  and  Asphalt  Wash. 

The  Bird's  Nest  and  Upper  aquifers  were  continuously  monitored  for 
water  level  fluctuations.  Additional  water  level  measurements  of 
ground  water  were  collected  for  area  correlation. 

Alluvial  aquifers  were  monitored  for  water  levels  and  water  qual- 
ity at  locations  downstream  of  the  tracts  on  the  White  River,  and  at 
the  mouth  of  Southam  Canyon. 

Precipitation  and  evaporation  were  monitored  at  the  proposed  plant 
site,  in  Southam  Canyon,  and  in  the  surrounding  area. 
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Figure  4.1-1  shows  the  locations  of  sites  for  the  four  types  of 
monitoring  being  conducted  --  surface  water,  bedrock  aquifer  water, 
alluvial  aquifer  water,  and  precipitation/evaporation.  All  supporting 
data  are  shown  in  the  figures  and  tables  of  the  text  and  in  the  field 
data  appendix.  All  USGS  data  in  this  report  are  preliminary  and 
subject  to  revision. 

VTN  Consolidated,  Inc.  is  under  contract  to  WRSP  to  conduct  the 
water  resources  monitoring  program. 

4.1.1  Surface  Water 

In  the  past,  more  than  one  system  of  nomenclature  has  been  used 
for  surface  water  stations.  This  report  will  use  only  the  USGS  system 
of  nomenclature  for  station  numbers  and  names.  A  comparison  of  nomen- 
clature for  surface  water  stations  is  shown  in  Table  4.1-1  .  Also,  only 
the  last  four  digits  of  the  USGS  station  numbers  will  be  used  in  the 
text.  The  surface  water  monitoring  program  comprised  work  efforts  of 
both  the  USGS  Water  Resources  Division  and  WRSP.  The  division  of 
responsibilities  is  shown  in  Table  4.1-2  . 

4.1.1.1  Objective.  The  objective  of  the  surface  water  monitor- 
ing program  is  to  ensure  the  applicability  of  the  two-year  Baseline 
data  to  future  monitoring  periods. 

4.1.1.2  Methods.  Data  collection  efforts  during  the  reporting 
period  were  concerned  with  streamflow,  suspended  sediment,  and  water 
quality. 
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TABLE  4.1-1 

COMPARISON  OF  NOMENCLATURE  FOR 
SURFACE  WATER  STATIONS 


WRSP 

Identification 

Number 

USGS 

Identification 

Number 

-- 

09306395 

S-5 

09306405 

S-2 

09306430 

S-9 

09306605 

S-13 

09306610 

S-12 

09306625 

S-ll 

09306700 

Name  (USGS) 


White  River  near  Colorado-Utah 
State  Line,  Utah 

Hell's  Hole  Canyon  Creek  at  mouth, 
near  Watson,  Utah 

Evacuation  Creek  near  Watson,  Utah 

Southam  Canyon  Wash  near  Watson, 
Utah 

Southam  Canyon  Wash  at  Mouth,  near 
Watson,  Utah 

Asphalt  Wash  near  mouth,  near 
Watson,  Utah 

White  River  below  Asphalt  Wash, 
near  Watson,  Utah 


4.1-4 


TABLE  4.1-2 
RESPONSIBILITY  FOR  SURFACE  WATER  MONITORING 

Station   Monitoring  Activity Responsibility 

Streamflow 

6430,     Continuous  monitoring  WRSP 

6700 

6610     Continuous  monitoring  during  snowmelt  and         WRSP 
thunderstorm  seasons  (approximately  February 
through  October) 

6395     Continuous  monitoring  USGS 

Suspended  Sediment 

6430,     Periodic  and  opportunistic  samples  WRSP 

6700 

6610     Opportunistic  samples  WRSP 

6395     Continuous  monitoring  USGS 

Water  Quality 

6700     Continuous  monitoring  of  temperature  and  WRSP 

specific  conductance 

6430     Quarterly  samples  in  January,  April,  July         WRSP 
and  September;  continuous  monitoring  of 
temperature  and  specific  conductance 

6610     Opportunistic  samples;  continuous  monitoring      WRSP 
of  temperature  and  specific  conductance 
during  snowmelt  and  thunderstorm  seasons 

6395     Quarterly  samples  in  January,  April,  July,        USGS 
and  September;  continuous  monitoring  of 
temperature  and  specific  conductance 
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Streamflow  was  measured  continuously  by  the  WRSP  on  the  White 
River  downstream  from  the  tracts  (station  6700)  and  on  Evacuation  Creek 
(station  6430).  The  gauging  station  visitation  and  maintenance  sche- 
dule was  sufficient  to  provide,  as  near  as  practical,  continuous 
streamflow  measurement  throughout  the  year.  Discharge  measurements 
were  made  with  a  current  meter  no  less  frequently  than  once  per  month. 
Measurements  were  collected  more  frequently  when  dictated  by  good 
hydrologic  practices.  The  digital  recorder  tapes  were  removed  and 
processed  monthly. 

Streamflow  was  also  measured  by  WRSP  in  lower  Southam  Canyon 
(station  6610).  This  station  was  in  operation  during  the  snowmelt 
and  thunderstorm  seasons  from  October  1,  1979  through  November  5,  1979 
and  February  19,  1980  through  September  30,  1980.  The  station  was 
visited  during  the  period  of  operation  at  least  once  each  month.  The 
digital  recorder  tapes  were  removed  and  processed  once  a  month. 

Streamflow  was  monitored  continuously  by  the  USGS  at  station  6395 
on  the  White  River  below  the  Colorado  State  line.  Stations  6625  near 
the  mouth  of  the  Asphalt  Wash  and  6405  at  the  mouth  of  Hell's  Hole 
Canyon  were  in  operation  throughout  the  year. 

Suspended  sediment  was  monitored  by  WRSP  at  station  6700.  Samples 
were  collected  by  hand  using  a  D-49  depth  integrated  sediment  sampler 
every  two  weeks  at  a  minimum,  except  when  the  station  could  not  be 
reached  due  to  snow  and  when  the  ice  cover  on  the  river  was  breaking 
up. 

Similar  suspended  sediment  samples  were  collected  by  WRSP  at 
stations  6430  and  6610.  Suspended  sediment  samples  from  stations  6430, 
6610  and  6700  were  analyzed  by  WRSP. 
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The  USGS  maintained  an  automatic  suspended  sediment  sampler  at 
station  6395  and  also  collected  manual  suspended  sediment  samples. 

Water  quality  samples  were  collected  by  WRSP  at  station  6430  in 
January,  May,  July  and  September.  Water  quality  samples  were  collected 
at  station  6610  by  WRSP  in  February  and  August.  The  USGS  collected 
water  quality  samples  at  station  6395  in  October  and  November  of  1979 
and  January,  March,  April,  May,  June,  July  and  August  of  1980.  Addi- 
tional samples  were  collected  by  the  USGS  in  June  and  August  at  6410 
and  6405  respectively.  All  water  quality  samples  were  analyzed  by 
the  USGS  Central  Laboratory  in  Denver,  Colorado. 

Temperature  and  specific  conductance  were  measured  continuously 
by  WRSP  at  stations  6430  and  6700  throughout  the  year,  and  at  station 
6610  during  October  1-November  5  and  February  21-September  30.  Probes 
were  checked  and  calibrated  regularly  and  the  digital  recorder  tapes 
were  removed  and  processed  monthly.  The  USGS  measured  these  parameters 
continuously  throughout  the  year  at  station  6395. 

4.1.1.3  Data  Summary 
Streamflow:  White  River 

The  1980  streamflow  hydrographs  for  stations  6395  and  6700  on  the 
White  River  are  shown  in  Figures  4.1-2  and  4.1-3  •  Baseflow  occurred 
from  October  through  mid-February  and  resumed  in  late  July.  Runoff 
from  snowmelt  in  the  lower  basin  began  in  mid-February  and  lasted  until 
mid-April.  Runoff  from  snowmelt  in  the  upper  basin  began  in  mid-April 
and  lasted  until  late  July. 
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The  highest  value  of  mean  daily  streamflow  for  these  stations 
during  the  year  was  88  m^/sec  (3,110  cfs)  at  station  6395  on  May 
25.  The  lowest  value  of  mean  daily  streamflow  during  the  year  for 
these  two  stations  was  5.4  m-Vsec  (190  cfs)  at  station  6395  on 
December  1.  The  maximum  instantaneous  streamflow  during  the  year  was 
94.2  n^/sec  (3,330  cfs)  at  station  6395  on  May  25.  The  total  annual 
runoff  varied  from  64,760  hectare-meters  (526,500  acre-feet)  at  station 
6395  to  64,030  hectare-meters  (520,600  acre-feet)  at  station  6700. 
This  amounts  to  a  decrease  in  total  annual  runoff  of  1.1%  from  the 
upstream  station  to  the  downstream  station. 

Streamflow:  Evacuation  Creek 

The  1980  streamflow  hydrograph  for  station  6430  near  the  mouth 
of  Evacuation  Creek  is  shown  in  Figure  4.1-4  .  Snowmelt  runoff  began  in 
mid-February  and  lasted  until  mid-June.  During  most  of  the  year,  the 
streamflow  of  Evacuation  Creek  was  sustained  by  baseflow,  rather  than 
snowmelt  or  thunderstorm  runoff.  Mean  daily  streamflow  at  this  station 
during  the  year  ranged  from  a  minimum  of  0.0  m^/sec  (0.0  cfs)  on  some 
days  to  a  maximum  of  7.4  nrfysec  (258  cfs)  on  February  19.  Total 
annual  runoff  was  357  hectare-meters  (2,901  acre-feet). 

Streamflow:  Dry  Washes 

The  mean  daily  streamflow  values  during  1980  for  stations  6405, 
6610  and  6625  are  shown  in  Tables  4.1-3  ,  4.1-4  and  4.1-5  .  The 
maximum  mean  daily  values  of  streamflow  during  the  year  were  0.29 
m3/sec  (10.0  cfs)  for  station  6405  in  Hell's  Hole  Canyon,  0.58  nr^/sec 


4.1-10 


4  !<. 


I    I     I      I  I  I 


«3- 

I 


CD 


X 

CI 

< 

5 

*" 

~\ 

0 

B 

_i 

Z 

0 

u. 

2 

25 

2 

C/> 

4 

1- 

h- 

HI 

& 

< 

I 

S 

>S1 

I 
< 

> 

2 

<r 

01 

*: 

a 

LU 

p> 

X 

LU 

<r 

LU 

o 

u 

f 

H 

o 

L) 
0 

H 

< 

3 

O 

< 

> 

z  i 

ui  : 

«  2 

-  2 


<*»»!  M0"WINV3U1S 


4.1-11 


-I 

n 


-r> 

<r 

u 

m 

a 

..j 

—  s. 

w 

<u 

a 

11  -3 

|— 1 

:■> 

o>  E 

-o 

S-     K 

»i 

>— 

"3   J-> 

^r 

o 

13 

.c  a. 

->  o 

s 

(A   LO 

LU 

o 

—1 

-T 

a 

2      < 

ea 

< 

< 

z 

>,o 

h- 

o 

^ 

•i-  <T< 

^r 

<•&  ~* 

<r 

3 

~ 

>- 

V. 

vT 

IT- 

c <u 

'S 

<o  .c 

* 


O  ^h  O  O  CT» 

*r  O  <m       r-- 


i! 


♦j 


ID    C  U. 

■4J    fl     X     C      I 

h-  z:  z  £  < 


4.1-12 


al       300000000-^00000000000000000000 
5|       000000ul00«-00000000000000000000 


m\ 


J 


oooooooooooooooooooooooooooooooo 


■? 


8 

<M  00 

o 

J-, 

O 

5 

o 

as 

r~ 

tJ 

'  > 

u. 

'-) 

'J 

o 

'J 

'  > 

J 

3 

" 

o 

•■-> 

g 

o 
o  o  o  o  o 
=>  ^  o  a  o 


*■■ 

10 

z 

z! 

o      o 

i/i  • — oo 

1—   w  en 

<  x 1 

j 

3    o 

«=r 

d 

-) 

<    tl^ 

<! 

u:   oic 

i—i 

j-> 

z  i-  <u 

-o 

m  <-> 

"> 

•  f  a. 

1 

^r 

m 

=  o  o 

CT> 

»—   </>  un 

i. 

<r> 

3  •— 

•» 

^j 

O  O    i 

xj 

_ i 

E 

cc 

o 

>,cn 

< 

H 

i — 

<  —  en 

■3 

*C  --< 

z  a 

- 

1/1 

3           >- 

o| 

>-    C    <U 

u-i 

z   -3  .a 

<   a  o 

o  E  «-> 

o 
o  o  o  o  o 
o  o  o  o  o 


o 
o  o  o  o  o 

o  o  o  o  o 


co  *r  o  o  en 


-^c\ir-t^-Ln^n^cocno~*csjcn' 


4->     «3     X      C       I 


4.1-13 


d 

l/»j 

II 


— t  — «  C\J 


o  o  o  o  o 

o  o  o  o  o 


Z 

^ 

o      o 

X 

•>  —  00 

h-   vn  <Ti 

<  <*-  — i 

i_n 

-n  n   uj 

«-! 

:\i       —  i. 

S\ 

.— 1 

O  jj   o<  = 

t~>  3    W    1> 

*t 

en        «  *J 

1.1 

O      -  -C   o. 

■a 

—    '_>    o 

x 

.  h-   >"  I/) 

UJ 

o  =  — 

3  o  o    > 

z 

< 

z        >,o 

■a; 

>— 

oc-f« 

«*' 

—  «t  ••-  o> 

►—  u-l    a  — I 

«  3  O 

, —                  u 

1/13    =    4) 

V>    «  .3 

= 

o  o  o  o  o 
o  o  o  o  o 


■4-J     T3     K     C       i 

o  «  ■«  -  u 
i-  z  s:  s  <c 


4.1-14 


(20.0  cfs)  for  station  6610  in  Southam  Canyon,  and  3.57  m3/sec  (124 
cfs)  for  station  6625  in  Asphalt  Wash.  These  maximum  values  occurred 
on  August  25  and  26  due  to  thunderstorm  runoff  for  stations  6405  and 
6625,  and  on  February  18  due  to  snowmelt  runoff  for  station  6610.  The 
minimum  daily  streamflow  for  all  three  stations  was  zero  on  most  of  the 
days  during  the  year. 

The  peak  discharge  for  the  flow  event  at  station  6625  was  896 
nrVsec  (3,200  cfs),  which  was  also  the  maximum  instantaneous 
streamflow  during  the  year.  The  maximum  instantaneous  streamflow 
during  the  year  at  stations  6405  and  6610  was  7.8  m^/sec  (280  cfs) 
and  7.9  m^/sec  (279  cfs),  respectively.  The  maximum  instantaneous 
streamflow  for  all  three  stations  occurred  on  August  25,  1980. 

The  total  1980  annual  runoff  volumes  for  stations  6405,  6610  and 
6625  were  3.94  hectare-meters  (32  acre-feet),  13  hectare-meters  (106 
acre-feet),  and  83.5  hectare-meters  (679  acre-feet),  respectively. 

Water  Quality:  White  River 

The  1980  water  quality  data  for  station  6395  are  presented  in 
Table  4.1-6  .  The  parameters  have  been  grouped  according  to  general 
categories  and  are  discussed  accordingly. 

No  water  quality  samples  were  collected  at  station  6700  during  the 
1980  water  year,  because  the  period  of  record  had  indicated  that  there 
were  no  significant  differences  in  water  quality  between  the  stations 
on  the  White  River. 

General  Characteristics:  The  concentration  of  dissolved  solids 
generally  followed  an  inverse  relationship  to  the  magnitude  of  stream- 


4.1-15 


ao 

2 

■»■» 


0«0»<00<r  • 
con  ioco    »OlO 

'-I  «3"  CM        !■"»  'S-  — < 


O  O  TJ-  o  o 


o 

00 


o 

ao 


CM 


O  CO  o  O  00  O  ID 

nrvcjH        r—  co 
Ninn-c       en  t 


id  O  00  o  o 
in       co  -^ 

CM  CM 


o 

00 


ooococooioco 

—i  I —  r~   Lf>  If)  ID  CM 

CM  «*•  CM  f>~  ^- 


O 
CO 


up 


O  in 

Or-O<3-C0OO>* 
COMV-H  00  00  <-• 
—>  cm  .— i  co  «a- 

CM 


O 

00 


CM 


ooo^coooio 
lo  >a-  o  m       io  o  •-' 

— i  co  CM  if)  r-» 


co  o  o  o  o 

eo       *- ■>  cm 


col 


O— iOOCOO<f  U) 
O  CM  IT)  If)  O  O 

CM  ID  ro  »-4         o  ^ 


OOMM>H<t 
CO  CO  CO  CO 


■cT  O  VO  o  o 
CM       CM 


<      o 

=3          CO 

o-      en 

•H 

OS 

UJ           '- 

mO 

r—  LT>     CO 

<  CD   -O 

1 

36  ro    E 

i — i 

ID    Co 

ao*" 

ujm  a 

<3- 

>  CD    CJ 

— .  O   00 

ijj 

at 

_i 

Z     1 

a 

LU  O 

< 

1—  —  cn 

t— 

«I-N 

IE  <  CD 

o 

CO 

?! 


si 


o 


o^roocooo^- 

— <  ID  «3-  ro    o  if) 
cm  id  ro  -h   o  f 


ONOUlOOOlOO 
co  id  id  r~        --  Lf) 
-h  *r  c\j  oo  ro 


OlOOOCOO'-<CO 
co  co  r—  «3-         HC1 


o«3-oocoocnif) 

00  •-«  CD  ~h  id  CM  — < 

t— c  if)  cm  -^        r~  co 


r-«  If)  CM  O  CM  CD 
r-  co        o        ro 


CM 

ID 

* 

ID  O  CD  O  O 

CD 

if)        «r  ko 

O  O  r-»  O  O 
CM         ro  id 

CM  ~* 


O  O  «s-  O  O 
vC  CO  id 


O  O  .-h  o  o 
cm       «r  en 


E 
u 

*— *  *— •  — *  -— »    t/1 

in 

^~«.  ^-^  ^-^  ^~. 

OOl  Ol  O)  c 
E   E    E    6    3 

o  — 

.C   in  .— . 

E  «-  o 
3    (J  o 

CD  CD  CD  CD 

E    E    E    E 

CD   CD   CD  CD  CD 


E 

3 

CO  m 

o 


<  c  — 

CC  -r-     O 

c£  f—   OO 

z:  <o 

o  -^  "O 

I—     01 

_l  <  > 

<  r— 


O   -r- 

I—  Q 


in 

CO  <0 

'  o 

■  o  in 
I  <TJ  I/) 
I  <_)    0) 

c 

■  in  "3 
i  <o  u 
i        tj 

m  X 

</l 

<D    O) 

C  4-> 
■O    rtj 

S-     c 

rO    O 

I  -0 

S. 

r—     ITS 

(O     (J 

■»-»  c 
o  o 


Lf) 

CM     m 

3 
4->  O 
113    CO 

C 
CO  <0 
u  +-> 

c  c 

(O    <o 

+J  -u 

(J     10 

3    C 
■O  ■—  OO 

e  z 

O      •  (U         o 

OSS-  — 

O    3  l— 

U   r—    *->  < 

••—'*_     <T3  <_) 

*-   E    S_ 

•.-    <C    CJ  OS 

u  «i  a  o 

OJ    l-  E  -3 

tE    CL+J  CO  < 

Q.OO  CO  )—  S 


1)  <u        ex 
■a  >  > 

CD  ■—  i—  T3    C 
>    O    O    CD    O 

r—  in  m   >  •!— 

O  "^   in  »—  4->   E 

in  -i-  •>-   o  a.  3 

in  -a  -a   in  s.  -i- 

•i—  in  o  "O 

"O  -         »•!—       1/1       O 

E  E  "O  -a  oo 

•33  «t 

E  i-  i-     •  •*-> 

3   m   m   E    E  c 
•i—  0J   in 
o  c   <a  •■-  •.- 

i—   cd*j  -o  ■o  l. 

«3    "3    O    O    O  CO 

o  S  a.  oo  oo  a. 


oo 

Z  4J 

o  *-> 

■-<  fO 


1) 


■c       -a 

0J  "D    1) 

>  a>  > 
^-  >  f— 

O  i—  o 
mom 
m  m  m 
•i—  m  •■— 
TS  ■<-  X3 
-O 
a)     -  - 

c  *■>  ai     -co 
o  "Co  nca 

J3    C  •<-•<-)  -i- 
i_    O    S-    tJ    S- 

*£  o«-  o 

U    S-  <—  <-     3 

•t-   «3  x:   3  •— 
ca  <_)  o  oo  d. 


o 


■o 

CO 


4.1-16 


o 
o 


10  i 


O 

O  — '  O  O  O  — « 


o 
o 


o 

CD 

o  o 

^ 

o  o 

CNJ 

<^J 

o  o 

o 

i    o  ro 

i    *»•                       i      i      i      i      i      i 

•^ 

to 

i    CM 

i    — <                       i      i      i      i      i      i 

00 


-O  I 


o  —■  o  o  o  — < 

O  v 


00 


Si! 

en 


o 


• 

<         O 

+-> 

3          00 

f    O"          CM 

c 

t— I 

o 

Of 

o 

UJ  S- 
►—   Lf>     0> 

s«— * 

<  Cn   .0 

3  en    = 

kO 

CO  4) 
cc  o  *■» 

1 

uj  m   o. 

f— 1 

>  Ci    0) 

.-.  o  «/> 

cc 

vr 

Z      1 

UJ  O 

1—  •—  CT> 

UJ 

— •  1—  l~~ 

—1 

X  <  en 

sa 

3  \—  — I 

< 

1/1 

h- 

U.           S. 

o       oi 

ja 

>-        o 

Qi           -t-> 

S           O 

y 

5 

l/l 

o 
oo! 


° 


5 


r-  O 

CNJ  O 


CNJ 

o 


o  o 
o  o 


D>  en 

E    E 


■o 

Ol 

> 


1/1 

I— 
z 


3  T3    Q. 

a.  >  o 


•<-  m  o 
S-  -r-  J= 
*J  -O  *-> 


•r-  t_  i— 


T3  CJ 

D  >  -O 

>  f—  Ol 

.—  O  > 

O  VI  i— 

in  m  O 

i/l  t-  </> 

•r-  "a  in 

•a       -^ 
--o 

»  u 
C    01      • 

o   a.  c 
s_  o.  o 

O    O    i~ 


"O  in 

01  in 

>  -~ 

.—  TD 

o 

</)  "O 

in    Ol     CNJ 

V-     >   O 

-a  >—  •.- 

o  oo 
•  m 

O)   m  */> 

</>•»-    rtj 
01  "C! 
C  <B 

<o  -  <J 
en  o  •— 
e  c  .— 
«}■•-■*- 

Z  Nl/l 


i  "O    0)  "CJ    Ol 

Ol   >         o>   > 

■  >  f—  >  r- 
I  i—  O  T3  ■—  O 
i  O  */>  O)  O  m 
i   i/i   in   >   in  in 

■  i/»  »*-  r—  in  -i— 
'•^-T3    O  -^-  T3 

■c>        m  -a 

■  •  in  • 
!     -  S  •■-     -  6 

I    =     3  "O    V,   3 

:   3  ••-        i.  •»- 

■  t-  S     -  3  c 

:  E  O  "O  U  0) 
I  "O    t.    <B    1.  i— 

■  IB  J=    Ol    Ol    4) 

:ou  jew 


■o 

Ol 

> 


i  ■  i         in 


o 
+J 


L. 

< 


4.1-17 


flow,  with  the  exception  that  during  lower  basin  runoff,  streamflow  and 
dissolved  solids  levels  were  both  greater  than  during  baseflow.  The 
range  of  concentrations  during  the  year  varied  from  227  mg/1  during 
upper  basin  runoff  to  664  mg/1  during  lower  basin  runoff. 

The  values  of  pH  were  relatively  stable  during  the  year  ranging 
from  8.0  to  8.4.  Alkalinity  generally  followed  an  inverse  relationship 
to  streamflow,  and  did  show  a  rise  during  lower  basin  runoff.  Total 
and  noncarbonate  hardness  followed  the  same  trend. 

The  1980  records  of  mean  daily  temperature  and  specific  conduc- 
tance for  station  6395  were  not  available  for  this  report. 
However,  several  instantaneous  measurements  made  during  station  visits 
were  available  for  this  report  and  are  presented  in  Table  4.1-7  .  The 
relationship  of  mean  daily  streamflow  to  mean  daily  temperature  and 
specific  conductance  at  station  6700  is  shown  in  Figure  4.1-5  .  As  in 
past  years,  temperature  followed  an  annual  sinusoidal  pattern,  and 
ranged  from  0.0°C  to  24.7°C  at  station  6700.  Specific  conductance 
generally  illustrated  an  inverse  relationship  to  streamflow,  with  the 
exception  that  during  the  lower  basin  runoff  period  the  relationship 
was  direct  rather  than  inverse. 

The  values  of  instantaneous  suspended  sediment  concentration  and 
discharge  at  station  6700   during  the  1980  water  year  are  shown  in 
Table  4.1-8  .  These  values  were  obtained  from  the  manually  collected 
samples.  The  maximum  instantaneous  rates  of  suspended  sediment  dis- 
charge (from  the  available  data)  for  station  6700  was  37,780  tons/day. 
This  occurred  during  the  upper  basin  runoff  period. 
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TABLE  4.1-7 

STATION  09306395 

WHITE  RIVER  NEAR  COLORADO-UTAH  STATE  LINE 
FIELD  WATER  QUALITY  MEASUREMENTS 


Specific 

Conductance 

Water 

Dissolved 

at  25°C 

Temp. 

Oxygen 

Flow 

Time 

pH 
8.3 

(umhos/cm) 
760 

(°C). 
15.0 

(mg/1) 
8.1 

(cfs) 

10/9/79 

329 

11/13/79 

8.3 

710 

3.0 

11.6 

431 

1/8/80 

7.8 

810 

0.0 

11.8 

356 

3/14/80 

8.3 

1000 

4.5 

9.6 

450 

4/4/80 

7.9 

1000 

5.5 

10.4 

404 

5/21/80 

7.9 

560 

16.5 

7.8 

1700 

6/6/80 

7.8 

380 

14.5 

8.1 

2480 

7/22/80 

8.3 

750 

23.0 

7.2 

466 

8/27/80 

7.8 

970 

-- 

-- 

436 

9/18/80 

8.3 

780 

16.0 

8.0 

404 
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TABLE  4.1-8 

STATION  09306700 
WHITE  RIVER  BELOW  ASPHALT  WASH,  NEAR  WATSON,  UTAH 
Suspended  Sediment  Concentration  and  Discharge  Measurements 
October  1979  -  September  1980 


Temperature 

Date  Time  (°C) 

10-15-79  1230  10.5 

11-02-79  1315  1.8 

12-13-79  1315  0.0 

01-07-80  1330  0.0 

02-07-80  1430  0.0 

02-29-80  1310  1.0 

03-07-80  1330  14.0 

03-11-80  1330  4.5 

03-20-80  1230  6.3 

04-03-80  1340  6.0 

04-11-80  0930  7.2 

04-15-80  1415  11.5 

05-01-80  1315  13.0 

05-12-80  1245  10.5 

05-15-80  1030  11.1 

05-19-80  1300  14.0 

05-22-80  1000 

05-28-80  1230  11.8 

06-04-80  1000  13.5 

06-09-80  1220  16.0 

06-13-80  1045  15.2 

06-19-80  1145  17.4 

06-20-80  1110  17.8 

06-25-80  1315  19.2 

07-03-80  0945 

07-14-80  1100  22.0 

07-29-80  1130  21.5 

08-11-80  1400  24.0 

08-25-80  1130  19.2 

09-02-80  1225  16.1 

09-15-80  1215  16.0 


Streamflow, 

Instantaneous 

(cfs) 

368 

394 

362 

401 

412 

737 

670 

488* 

446 

409 

385* 

448 
1,261 
2,177 
1,920* 
1,802 
2,178* 
2,492 
2,384* 
2,704 
3,032* 
2,357* 
2,328 
1,780 
1,379 

625 

404 

312 

546* 

353 

391 


Sediment, 
Suspended 
(mg/1) 

368 

281 

194 

160 

260 

2,489 

2,288 

3,075 

554 

413 

411 

382 

3,364 

6,428 

5,233 

4,734 

4,112 

3,792 

1,885 

2,563 

1,942 

1,508 

2,028 

1,540 

9,297 

478 

205 

119 

4,147 

527 

602 


Sediment 
Discharge 
Suspended 
(tons/day) 

366 

299 

190 

173 

289 
4,953 
4,139 
4,052 

667 

456 

427 

462 
11,450 
37,780 
27,130 
23,030 
24,180 
25,510 
12,130 
18,710 
15,900 
9,597 
12,750 
7,401 
34,620 

807 

224 

100 
6,114 

502 

636 


*  Estimated 
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Major  Cations:  The  concentrations  of  calcium,  magnesium,  potas- 
sium, and  sodium  followed  the  same  trend  as  dissolved  solids.  The 
values  of  Sodium  Adsorption  Ratio  and  percent  sodium  also  followed 
the  same  trend. 

Major  Anions:  The  bicarbonate  and  chloride  concentrations  fol- 
lowed the  same  trend  as  dissolved  solids  with  maximum  values  of  256 
mg/1  and  49  mg/1 ,  respectively.  The  values  of  sulfate  followed  the 
same  trend  as  dissolved  solids.  The  concentration  of  fluoride  was 
similar  for  all  of  the  samples  collected  during  the  year,  and  ranged 
from  0.1  mg/1  to  0.4  mg/1.  No  carbonate  is  evident  as  the  combination 
of  the  effects  of  significant  bicarbonate  concentration  and  pH  in  the 
vicinity  of  8.3  make  the  detection  of  that  ion  almost  impossible. 

The  distribution  of  the  major  ions  for  selected  representative 
samples  are  shown  in  Figure  4.1-6  .  These  Stiff  diagrams  clearly 
illustrate  the  variations  of  the  major  ions  and  dissolved  solids  in 
comparison  to  the  source  of  streamflow.  During  both  fall  and  winter 
baseflow,  calcium  was  the  dominant  cation  (by  a  marginal  amount),  and 
bicarbonate  and  sulfate  were  the  dominant  anions.  During  lower  basin 
runoff,  sodium  was  the  dominant  cation  and  sulfate  and  bicarbonate  were 
the  dominant  anions.  These  three  ions  illustrated  large  increases 
relative  to  the  other  ions  from  baseflow  to  lower  basin  runoff.  During 
upper  basin  runoff,  the  water  is  clearly  a  calcium-bicarbonate  type. 
This  results  from  significant  decreases  in  the  concentrations  of 
sodium,  magnesium,  chloride  and  sulfate  in  this  sample  as  compared  to 
samples  collected  during  baseflow  and  lower  basin  runoff. 
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Figure  4.1-6 
DISTRIBUTION  OF  MAJOR  IONS  FOR  WHITE  RIVER  NEAR  STATE  LINE  (STATION  6395) 

OCTOBER  1979  -  SEPTEMBER  1980 
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Biochemical  Constitutents:  The  1980  annual  maximum  value  of 
11.8  mg/1  of  dissolved  oxygen  on  February  29  at  station  6700  (see 
Table  4.1-9)  corresponds  to  a  low  water  temperature  of  1.0°C.  In 
general,  the  dissolved  oxygen  concentration  was  about  8  mg/1  during  the 
summer  and  fall  months  when  water  temperature  was  highest,  and  about  10 
to  12  mg/1  in  the  winter  when  the  water  temperature  was  lower. 

Macronutrients:  Values  of  nitrite  plus  nitrate  varied  from  0.00 
mg/1  to  0.73  mg/1.  The  lower  values  occurred  during  baseflow  and  the 
maximum  value  occurred  during  upper  basin  runoff.  The  concentration  of 
dissolved  ortho-phosphorus  was  low  throughout  the  year,  ranging  from 
0.00  mg/1  to  0.01  mg/1. 

Micronutrients:  The  concentrations  of  dissolved  boron  varied  from 
50  ug/1  to  120  ug/1 .  The  minimum  value  occurred  during  baseflow 
and  the  maximum  value  occurred  during  lower  basin  runoff.  Dissolved 
iron  concentrations  ranged  from  <10  ug/1  during  baseflow  to  30  ug/1 
during  lower  basin  runoff.  Values  of  dissolved  manganese  were  low 
during  the  year  and  ranged  from  2  |ug/l  to  3  ug/1.  The  concentrations 
of  copper  and  zinc  were  higher  for  the  sample  collected  on  June  6 
during  upper  basin  runoff  than  they  were  for  the  sample  collected  on 
September  18  during  baseflow.  Silica  values  ranged  from  11  mg/1  to  14 
mg/1 . 

Trace  Metals:  The  dissolved  phase  of  these  constituents  was 
determined  for  the  September  18  sample  during  baseflow  and  the  June  6 
sample  during  upper  basin  runoff.  The  data  do  not  show  any  conclusive 
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TABLE  4.1-9 


STATION  09306700 


WHITE  RIVER  BELOW  ASPHALT  WASH,  NEAR  WATSON,  UTAH 
FIELD  WATER  QUALITY  MEASUREMENTS 


Specific 

Conductance 

Water 

Dissolved 

at  25°C 

Temp. 

Oxygen 

Flow 

Time 

2H_ 
7.0 

(umhos/cm) 
780 

(°C). 
10.5 

(mg/1) 
8.2 

(cfs) 

10/15/79 

368 

11/2/79 

8.0 

700 

1.8 

6.5 

394 

12/3/79 

— 

900 

0.0 

— 

284(1) 

12/13/79 

9.2 

750 

0.0 

9.5 

362 

1/7/80 

9.2 

560 

0.0 

-- 

401 

2/7/80 

9.4 

750 

0.0 

5.8 

412 

2/29/80 

9.2 

850 

1.0 

11.8 

737 

3/7/80 

8.5 

860 

1.4 

9.0 

670 

3/11/80 

— 

950 

4.5 

— 

488(1) 

3/20/80 

8.3 

978 

6.3 

10.0 

446 

4/3/80 

9.2 

1000 

6.0 

8.0 

409 

4/11/80 

7.0 

1020 

7.2 

— 

385(1) 

4/15/80 

6.5 

1040 

11.5 

6.0 

448 

5/1/80 

8.5 

580 

13.0 

9.0 

1261 

5/12/80 

8.6 

548 

10.5 

9.0 

2177 

5/15/80 

7.0 

625 

11.1 

-- 

1920(1) 

5/19/80 

8.5 

630 

14.0 

6.0 

1802 

5/28/80 

8.5 

470 

11.8 

8.0 

2492 

6/4/80 

— 

420 

13.5 

— 

2302 

6/9/80 

8.0 

375 

16.0 

8.0 

2704 

6/13/80 

— 

380 

15.2 

-- 

3032(1) 

6/19/80 

7.2 

350 

17.4 

— 

2357(1) 

6/20/80 

7.0 

300 

17.8 

-- 

2328 

6/25/80 

7.5 

390 

19.2 

7.5 

1780 

7/3/80 

7.5 

— 

20.6 

-- 

1379 

7/14/80 

8.3 

690 

22.0 

8.0 

625 

7/29/80 

7.6 

800 

21.5 

5.5 

379 

8/11/80 

8.3 

860 

24.0 

8.5 

312 

8/25/80 

7.8 

840 

19.2 

-- 

546(1) 

9/2/80 

7.5 

880 

16.1 

7.0 

353 

9/15/80 

7.5 

880 

16.0 

-- 

391 

(1)  =  estimated 
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differences  in  the  concentrations  of  these  trace  metals  between  the 
two  sources  of  flow.  Dissolved  chromium  and  dissolved  mercury  were  not 
detected  in  either  sample. 

Trace  Non-Metals :  The  concentration  of  dissolved  arsenic  was  the 
same  (1  ug/1 )  during  upper  basin  runoff  as  during  baseflow. 

Water  Quality:  Evacuation  Creek  (Station  6430) 

The  1980  water  quality  data  for  station  6430  near  the  mouth  of 
Evacuation  Creek  are  summarized  in  Table  4.1-10.  Highflow  is  defined 
as  the  period  of  time  when  surface  runoff  contributes  a  significant 
portion  of  the  streamflow  of  Evacuation  Creek.  Baseflow  is  the  per- 
iod of  time  when  ground  water  discharge  sustains  the  streamflow  of 
Evacuation  Creek.  The  parameters  in  Table  4.1-10  have  been  grouped 
according  to  general  categories. 

General  Characteristics:  The  concentration  of  dissolved  solids 
ranged  from  1,170  mg/1  during  snowmelt  runoff  in  June  to  3,600  mg/1 
during  winter  baseflow.  Generally,  the  dissolved  solids  concentration 
illustrated  an  inverse  relationship  to  streamflow. 

The  pH  values  are  presented  in  Table  4.1-11.  Field  readings  taken  on 
other  days  during  the  year  varied  from  7.0  to  9.2.  Total  alkalinity 
and  total  hardness  ranged  from  250  mg/1  to  460  mg/1  and  1,100  mg/1  to 
630  mg/1,  respectively.  Both  of  these  constituents  follow  trends 
similar  to  the  variation  of  dissolved  solids. 

The  range  of  instantaneous  field  temperature  readings  during  the 
year  was  0.0°C  to  20.2°C.  The  recorded  diurnal  variation  of  water 
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TABLE  4.1-11 

STATION  09306430 

EVACUATION  CREEK  NEAR  WATSON,  UTAH 
FIELD  WATER  QUALITY  MEASUREMENTS 


Specific 

Conductance 

Water 

Dissolved 

at  25°C 

Temp. 

Oxygen 

Flow 

Time 

£H_ 

7.5 

(umhos/cm) 
3700 

(°C). 
15.8 

(mg/1) 

(cfs) 

10/2/79 

0.08 

10/19/79 

7.0 

4100 

12.0 

— 

0.08 

11/6/79 

8.0 

4000 

6.0 

— 

0.12 

11/19/79 

8.0 

4100 

3.1 

— 

0.08 

12/4/79 

7.5 

4100 

0.0 

— 

0.07 

12/12/79 

8.0 

4100 

0  0 

9.6 

0.06 

1/2/80 

7.0 

4100 

1.5 

6.0 

0.05 

1/25/80 

9.0 

3850 

2.0 

7.2 

0.09 

1/30/80 

9.2 

4100 

0  0 

6.8 

0.12 

2/4/80 

9.2 

4150 

3.5 

9.0 

0.07 

2/18/80 

9.2 

650 

2.0 

10.2 

45.8(1) 

2/19/80 

9.2 

650 

0  0 

6.8 

62.0 

2/22/80 

8.0 

1700 

3.5 

14.5 

6.0 

3/4/80 

8.8 

4000 

8.5 

— 

0.45 

3/17/80 

8.0 

4000 

11.8 

-- 

0.57 

4/2/80 

9.2 

4300 

6.6 

7.2 

1.74 

4/14/80 

8.8 

4300 

18.0 

-- 

1.0 

5/5/80 

8.6 

3500 

20.2 

8.0 

4.3 

5/13/80 

8.5 

2300 

15.5 

7.8 

16.0 

5/20/80 

8.6 

2700 

16.6 

— 

9.0 

6/3/80 

8.3 

3200 

11.5 

8.5 

7.0 

6/12/80 

8.3 

3300 

13.0 

7.5 

1.7 

6/18/80 

— 

3700 

17.0 

-- 

1.47 

7/2/80 

8.3 

3800 

14.6 

8.0 

0.60 

7/17/80 

8.0 

3700 

17.7 

— 

0.73 

7/28/80 

8.3 

3800 

19.0 

8.5 

0.60(1) 

8/5/80 

7.5 

3900 

18.8 

-- 

0.22(2) 

8/15/80 

8.3 

3900 

16.5 

9.5 

0.104 

8/27/80 

8.0 

1450 

14.0 

-- 

7.5 

9/12/80 

8.0 

3900 

12.9 

-- 

0.58 

9/29/80 

8.4 

4200 

8.4 

10.0 

0.22 

(1)  =  estimated 

(2)  =  3" 

Parshall 

flume 
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temperature  reached  values  up  to  18°C  during  the  summer  months. 
Specific  conductance  generally  followed  an  inverse  relation  to  stream- 
flow,  but  showed  large  variations  from  this  trend  for  short  periods  of 
time.     The  range  of  instantaneous  readings  during  the  year  was  650 
micromhos/cm  to  4,300  micromhos/cm  and  are  presented  in  Table4.1-1L 
This  minimum  value  occurred  in  February  during  a  rain  storm  event  and 
slight  wanning  period.     The  maximum  value  occurred  during  the  beginning 
of  snowmelt  1n  early  April   and  was  caused  by  the  initial   flushing  of 
salts  from  the  soil   by  surface  runoff. 

The  values  of  instantaneous  suspended  sediment  concentration 
and  discharge  during  the  1980  water  year  are  shown  in  Table  4.1-12. 
The  maximum  mean  daily  suspended  sediment  discharge  was  estimated  to 
have  been  1,047  tons/day  on  August  27. 

Major  Cations  and  Anions:  The  distribution  of  major  ions  for 
each  of  the  four  samples  collected  during  the  year  is  shown  in  Figure 
4.1-7  .  This  figure  illustrates  that  sodium  and  sulfate  were  the 
dominant  cation  and  anion,  respectively,  for  all  of  the  samples. 
Generally,  the  variations  of  all  of  these  major  ions  were  similar  to 
the  variation  of  dissolved  solids;  i.e.,  values  were  lowest  during 
snowmelt  runoff  in  May-June  and  highest  during  winter  baseflow  in 
January.  The  concentration  of  fluoride  varied  from  0.3  mg/1  to  1.5 
mg/1 . 

Biochemical  Constituents:  Several  field  readings  of  dissolved 
oxygen,  in  addition  to  those  taken  during  water  quality  sample  collec- 
tion, were  made  during  the  year  and  are  presented  in  Table  4.1-11.  The 
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TABLE  4.1-12 

STATION  09306430 
EVACUATION  CREEK  NEAR  WATSON,  UTAH 
Suspended  Sediment  Concentration  and  Discharge  Measurements 
October  1979  -  September  1980 


Sediment 

Streamflow, 

Sediment, 

Discharge 

Temperature 

Instantaneous 

Suspended 

Suspended 

Date 

Time 
1000 

PC) 

(cfs) 

(mg/1) 

(tons/day) 

10-02-79 

15.8 

0.08 

— — 

10-19-79 

1045 

12.0 

0.08 

-- 

— 

11-06-79 

1100 

6.0 

0.12 

864 

0.28 

11-19-79 

1100 

3.1 

0.08 

360 

0.08 

12-04-79 

1200 

0.0 

0.07 

560 

0.11 

12-12-79 

1230 

0.0 

0.06 

231 

0.04 

01-02-80 

1100 

1.5 

0.05 

196 

0.03 

01-25-80 

1105 

2.0 

0.09 

807 

0.20 

01-30-80 

1045 

0.0 

0.12 

256 

0.08 

02-04-80 

1210 

3.5 

0.07 

378 

0.07 

02-19-80 

1000 

0.0 

62.0 

1,570 

262 

02-22-80 

1200 

3.5 

6.0 

461 

7.47 

03-04-80 

1120 

8.5 

0.45 

254 

0.31 

03-17-80 

1115 

11.8 

0.57 

969 

1.49 

04-02-80 

1300 

6.6 

1.74 

1,990 

9.35 

04-14-80 

1430 

18.0 

1.0 

676 

1.83 

05-05-80 

1345 

20.2 

4.3 

2,460 

28.6 

05-13-80 

1245 

15.5 

16.0 

1,210 

53.3 

05-20-80 

1200 

16.6 

9.0 

407 

9.89 

06-03-80 

1100 

11.5 

7.0 

1,940 

36.7 

06-12-80 

0950 

13.0 

1.7 

365 

1.68 

06-18-80 

1030 

17.0 

1.47 

14 

0.06 

07-02-80 

0840 

14.6 

0.60 

75 

0.12 

07-17-80 

1030 

17.7 

0.73 

156 

0.31 

07-28-80 

1030 

19.0 

0.60 

224 

0.36 

08-05-80 

1030 

18.8 

0.22 

39 

0.02 

08-15-80 

1000 

16.5 

0.10 

78 

0.02 

08-27-80 

1030 

14.0 

7.5 

51,700 

1047 

09-12-80 

1035 

12.9 

0.58 

5,730 

8.97 

09-29-80 

1005 

8.4 

0.22 

90 

0.05 
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Figure  4.1-7 
DISTRIBUTION  OF  MAJOR  IONS  FOR  EVACUATION  CREEK  (STATION  6410  AND  6430) 

OCTOBER  1979  -  SEPTEMBER  1980 
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values  ranged  from  6.0  mg/1  to  14.5  mg/1 .  Chemical  oxygen  demand  was 
35  mg/1  for  the  May  13  sample. 

Macronutrients:  Dissolved  nitrite  plus  nitrate  varied  from  0.2 
mg/1  to  1.3  mg/1,  with  the  May  13  and  July  28  samples  exhibiting  the 
higher  values.  Total  ammonia  plus  organic  nitrogen  was  12.0  mg/1  for 
the  May  13  sample.  The  remaining  macronutrients  showed  little  varia- 
tion during  the  year. 

Micronutrients:  Dissolved  boron  concentrations  varied  from 
80  ug/1  during  highflow  on  June  2  to  8,600  ug/1  during  summer  baseflow 
on  July  28.  The  concentration  of  dissolved  silica  ranged  from  7.2  mg/1 
to  13  mg/1.  Dissolved  manganese  varied  from  10  ug/1  to  150  /ug/1 .  The 
concentrations  of  the  rest  of  the  micronutrients  showed  little  varia- 
tion and  were  similar  to  data  collected  during  previous  years. 

Trace  Metals:  All  of  the  dissolved  trace  metals  remained  at 
levels  similar  to  data  collected  during  previous  years. 

Trace  Non-Metals:  Arsenic  also  remained  at  levels  similar  to  data 
collected  during  previous  years. 

Water  Quality:  Dry  Washes 

The  water  quality  data  from  samples  collected  at  stations  6405 
(Hell's  Hole  Canyon)  and  6610  (Southam  Canyon)  during  the  1980  water 
year  are  shown  in  Table  4.1-13.  The  parameters  have  been  grouped 
according  to  general  categories. 
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General  Characteristics:  The  concentration  of  dissolved  solids 
varied  from  239  mg/1  to  850  mg/1  for  the  March  1980  samples.  The  pH 
values  varied  from  7.4  to  8.0.  The  ranges  of  total  alkalinity  and 
total  hardness  were  84  mg/1  to  150  mg/1  and  110  mg/1  to  530  mg/1 
respectively.  These  parameters  showed  considerable  variation  between 
stations. 

Temperature  values  obtained  during  collection  of  the  three  samples 
ranged  from  0°C  to  25.0°C.  The  record  from  the  continuous  recorder  at 
station  6610  at  the  mouth  of  Southam  Canyon  was  incomplete  because  the 
probe  was  covered  with  silt.  The  specific  conductance  values  obtained 
during  collection  of  the  three  samples  varied  from  170  micromhos/cm  to 
1,100  micromhos/cm  and,  as  expected,  illustrated  a  direct  relationship 
to  dissolved  solids  concentration.  The  continuous  record  of  specific 
conductance  at  station  6610  during  the  1980  water  year  was  not  complete 
because  the  probe  was  covered  with  silt. 

Suspended  sediment  samples  were  collected  by  WRSP  during  the  year 
at  station  6610.  The  instantaneous  suspended  sediment  discharge  on 
August  25  was  estimated  to  have  been  8,770  tons/day.  These  samples  had 
an  average  suspended  sediment  concentration  of  83,296  mg/1. 

Major  Cations  and  Anions:     The  distribution  of  the  major  ions  for 
each  of  the  three  samples  collected  during  1980  is  shown  in  Figure 
4.1-8  .     These  Stiff  diagrams  illustrate  the  variations  between  the 
two  dry  washes.     For  the  sample  at  station  6405  in  Hell's  Hole  Canyon, 
the  dominant  cations  were  calcium,   sodium  and  the  dominant  anion  was 
sulfate.     For  the  samples  at  station  6610  in  Southam  Canyon,  the 
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dominant  cation  was  sodium  and  the  dominant  anion  was  bicarbonate  in 
February  and  sulfate  in  August. 

The  values  of  Sodium  Adsorption  Ratio  and  the  percent  of  sodium 
also  showed  considerable  variation  between  stations.  Dissolved  stron- 
tium concentrations  ranged  from  280  ug/1  to  990  ug/1.  The  dissolved 
fluoride  concentrations  ranged  from  0.4  mg/1  to  0.6  mg/1 . 

Biochemical  Constituents:  The  values  of  dissolved  oxygen  col- 
lected from  station  6610  ranged  from  3.0  mg/1  to  6.8  mg/1.  Chemical 
oxygen  demand  at  this  station  was  high  and  ranged  from  430  mg/1  to 
1,000  mg/1,  while  the  dissolved  organic  carbon  concentration  was  24 
mg/1  for  both  samples.  Since  total  organic  carbon  was  not  analyzed, 
there  is  no  way  to  be  sure  if  this  may  have  caused  the  high  COD  value, 
but  it  is  likely  that  the  COD  value  could  have  been  associated  with  a 
high  concentration  of  total  organic  carbon. 

Macronutrients:  Concentrations  of  dissolved  nitrite  plus  nitrate 
ranged  between  0.6  mg/1  to  2.0  mg/1  while  dissolved  ammonia  and  ammonia 
plus  organic  nitrogen  were  found  at  relatively  low  concentrations 
between  0.03-0.13  mg/1  and  0.03  mg/1  respectively.  Total  phosphorus 
and  dissolved  phosphorus  were  found  in  relatively  high  levels,  total 
phosphorus  varying  from  9.8  mg/1  to  17.0  mg/1  and  dissolved  ortho- 
phosphorus  ranging  from  0.1  mg/1  to  0.41  mg/1. 

Micronutrients:  The  concentrations  of  most  of  these  constituents 
illustrates  considerable  variation  between  stations  on  the  two  dry 
washes.  Many  of  the  values  also  illustrated  considerable  variation 
from  the  data  collected  during  the  baseline  period  at  these  stations. 
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Trace  Metals  and  Non-Metals:  The  two  analyses  for  trace  metals 
vary  considerably  between  the  two  sampling  periods.  The  only  explana- 
tion for  the  difference  would  be  the  moment  of  sampling  with  respect  to 
the  runoff  event.  If  sampling  occurred  on  the  initial  flow  of  the  dry 
wash  then  dissolved  constituents  would  be  typically  higher  from  initial 
leaching  of  surface  sediments.  If  sampling  occurred  at  the  fall  of 
flow  then  the  dissolved  constituents  would  probably  be  lower  owing  that 
the  first  part  of  the  runoff  would  have  leached  most  of  the  surface 
sediments  of  any  readily  available  constituents. 

4.1.1.4  Conclusions.  The  1980  work  plan  was  concerned  with: 
1)  comparisons  of  physical  and  chemical  composition  of  the  surface 
water  between  the  White  River  monitoring  stations  during  the  most 
recent  water  year;  and  2)  comparison  of  the  physical  and  chemical 
composition  of  the  surface  water  at  all  of  the  monitoring  stations 
between  the  1980  water  year  and  the  previous  water  years,  especially 
the  Baseline  period.  The  purpose  of  these  comparisons  is  to  determine 
if  significant  differences  between  the  sets  of  data  exist,  so  that  the 
continuity  between  the  Baseline  period  and  future  monitoring  periods  is 
maintained. 

Comparison  of  Physical  and  Chemical  Composition  of  the  Surface  Water 
Between  the  White  River  Monitoring  Stations  (6395  and  6700)  During 
the  1980  Water  Year 

The  streamflow  data  for  the  White  River  stations  showed  very 
little  variation  between  the  stations  during  the  year.  There  was  a 
small  decrease  (1.1%)  in  total  annual  runoff  from  station  6395  (up- 
stream of  the  tracts)  to  station  6700  (downstream  of  the  tracts). 
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The  work  plan  for  the  1980  water  year  did  not  include  the  collec- 
tion of  water  quality  samples  for  laboratory  analysis  at  station  6700 
because  previous  laboratory  water  quality  data  indicated  that  there 
were  no  significant  differences  between  the  White  River  monitoring 
stations.  Moreover,  the  continuous  records  of  temperature  and  specific 
conductance,  plus  the  data  concerning  suspended  sediment,  pH,  and 
dissolved  oxygen  at  stations  6395  and  6700  should  adequately  indicate 
any  change  in  the  relationship  between  the  stations.  Water  quality 
samples  were  collected  on  a  quarterly  basis  during  the  year  at  station 
6395  in  order  to  define  the  chemical  composition  of  the  White  River  as 
it  passed  by  the  tracts. 

A  comparison  of  the  available  1980  records  of  temperature  and 
specific  conductance  at  the  two  White  River  stations  indicates 
that  both  parameters  showed  little  variation  between  the  stations. 

The  suspended  sediment  records  for  station  6395  were  not  available 
for  this  report. 

The  field  data  for  pH  and  dissolved  oxygen  at  station  6700  during 
the  year  were  similar  to  the  data  collected  at  station  6395,  with  the 
exception  of  some  unusual  dissolved  oxygen  values  which  occurred  during 
the  winter  at  station  6700. 

In  summary,  the  available  data  indicate  that  there  was  little 
variation  in  the  physical  and  chemical  composition  of  the  surface  water 
between  the  White  River  stations  during  the  1980  water  year. 
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Comparison  of  Physical  and  Chemical  Characteristics  of  the  Surface 
Water  Between  the  1980  Water  Year  and  Previous  Years  of  Record  (1975- 
15751 


White  River 

The  flow  regime  during  the  1980  water  year  was  similar  to  the 
regime  during  the  Baseline  period  (1975  and  1976  water  years).  Table 
4.1-14  summarizes  the  streamflow  records  at  station  6700  during  each  of 
the  six  years  of  the  Baseline  and  Interim  periods.  It  is  apparent  from 
this  table  that  the  mean,  maximum  and  minimum  values  of  discharge  and 
total  annual  runoff  for  the  1980  water  year  are  within  the  range  of 
values  from  the  previous  five  years  of  monitoring.  The  1980  annual 
runoff  (64,028  hectare-meters  [520,600  acre-feet])  was  slightly 
greater  than  the  average  annual  runoff  for  the  period  of  record  (57,440 
hectare-meters  [467,000  acre-feet])  for  station  6700.  This  was  pri- 
marily due  to  greater  than  normal  snowmelt  runoff  from  the  lower  and 
upper  drainage  basins. 

Inspection  of  the  summary  of  the  period  of  record  (1923-79)  for 
the  discontinued  station  09306500  (White  River  near  Watson,  Utah)  in 
Table  4.1-14  reveals  that  compared  to  a  56  year  average,  station  6700 
still  had  a  greater  than  average  runoff  for  1980  water  year. 

The  temperature  and  specific  conductance  records  during  the  1980 
water  year  were  similar  to  the  records  during  the  previous  four  years. 
The  1980  annual  maximum  and  minimum  mean  daily  values  at  station  6700 
were  within  previously  observed  ranges. 

The  suspended  sediment  records  during  the  1980  water  year  were 
generally  similar  to  the  records  during  the  previous  four  years.  The 
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1980  annual  maximum  and  minimum  instantaneous  values  of  suspended  sed- 
iment concentration  and  discharge  at  station  6700  were  within  pre- 
viously observed  ranges. 

The  1980  water  quality  data  from  the  White  River  stations  were 
compared  to  the  earlier  data  (1975-1979)  data  by  inspection.  Statis- 
tical summaries  and  testing  methods  were  not  used  because  there  was  a 
limited  amount  of  1980  data  for  some  flow  periods,  and  the  temporal 
spacing  of  sample  collection  in  1980  was  not  uniform.  It  was  felt  that 
these  factors  would  cause  a  statistical  analysis  to  produce  misleading 
results. 

The  differences  in  the  physical  and  chemical  composition  of  the 
White  River  between  the  1980  water  year  and  the  previous  years  of 
record  should  be  attributed  to  the  hydrologic  system's  response  to 
climatic  variations.  It  is  unlikely  that  the  observed  differences 
between  periods  represent  a  change  in  the  White  River  hydrologic  sys- 
tem. The  analysis  of  data  from  all  of  the  years  of  record  helps  to 
define  the  natural  variations  of  streamflow  and  water  quality. 

Evacuation  Creek 

The  flow  regime  during  the  1980  water  year  was  generally  similar 
to  the  regime  during  the  Baseline  period  (1975  and  1976  water  years). 
Table  4.1-15    summarizes  the  streamflow  records  at  station  6430  during 
each  of  the  six  years  of  the  Baseline  and  Interim  periods.     This  is 
the  entire  period  of  record  for  this  station.     The  peak  flow  during 
1980  (19.1  m3/sec  [676  cfs])  was  considerably  less  than  the  maximum 
from  the  previous  five  years  (56.1  nrfysec  [1,980  cfs]).     However, 
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the  total  annual  runoff  in  1980  (357  hectare-meters  [2,900  acre-feet]) 
was  considerably  greater  than  the  maximum  from  the  previous  five  years 
(144  hectare-meters  [1,170  acre-feet]). 

The  continuous  record  of  water  temperature  at  this  station  during 
1980  was  similar  to  previous  years  of  record.  The  maximum  instantan- 
eous value  during  1980  (30.0°C)  was  slightly  lower  than  the  maximum 
during  the  previous  five  years  (34.0°C).  The  minimum  instantaneous 
value  during  all  six  years  has  been  0.0°C. 

The  maximum  instantaneous  value  during  1980  (9,900  micromhos/cm) 
was  greater  than  the  previous  maximum  value  (9,600  micromhos/cm). 
Also,  the  minimum  instantaneous  value  during  1980  (30  micromhos/cm)  was 
less  than  the  previous  minimum  value  (90  micromhos/cm). 

The  water  quality  data  during  1980  were  generally  similar  to  the 

data  collected  during  previous  years  of  record  at  this  station. 

However,  the  1980  maximum  values  for  several  parameters  exceeded  the 

maximum  values  for  the  previously  collected  data.  These  parameters 

included: 

Total  alkalinity  as  CaC03 

Bicarbonate 

Ammonia  plus  Organic  Nitrogen  as  N,  Total 

Total  Phosphorus  as  P 

Boron 

Also,  some  of  the  1980  minimum  values  for  water  quality  parameters 

were  less  than  the  minimum  values  for  the  previous  years  of  record. 

These  included: 

Percent  Sodium 
Fluoride 

All  other  1980  parameter  values  were  within  the  range  of  values 

during  the  previous  years  of  record. 


4.1-47 


The  differences  in  streamflow  and  water  quality  between  the  1980 
water  year  and  the  earlier  years  of  record  at  this  station  probably  do 
not  represent  a  change  in  the  physical  or  chemical  characteristics  of 
this  hydrologic  system.  It  is  more  likely  that  these  differences  were 
caused  by  the  hydrologic  system's  response  to  variations  in  climatic 
conditions.  The  data  do  not  indicate  that  there  have  been  any  definite 
trends  relating  to  changes  in  the  physical  and  chemical  composition  of 
Evacuation  Creek  over  the  past  six  years.  The  analysis  of  data  from 
all  of  the  years  of  record  helps  to  define  the  natural  variations  of 
streamflow  and  water  quality. 

Dry  Washes 

The  streamflow  records  during  the  Baseline  and  Interim  periods  for 
the  gaging  stations  at  or  near  the  mouths  of  Hell's  Hole  Canyon, 
Southam  Canyon  and  Asphalt  Wash  are  summarized  in  Tables  4.1-16, 
4.1-17,  and  4.1-18.  The  water  years  1975  through  1980  are  the  entire 
period  of  record  for  these  three  stations.  In  these  three  tables 
it  is  noted  that  certain  annual  records  were  not  complete.  However, 
there  was  no  evidence  that  any  flow  events  occurred  when  these  stations 
were  out  of  operation.  Therefore,  the  data  shown  for  those  water  years 
may  be  considered  to  be  accurate  annual  values  .  These  streamflow 
summaries  for  the  dry  washes  illustrate  a  high  degree  of  variation  in 
peak  discharges  and  total  annual  runoff  from  year  to  year. 

The  peak  discharges  at  stations  6405,  6610,  and  6625  for  the  1980- 
year  period  of  record  are  78.4  nvfysec  (280  cfs),  7.9  m^/sec  (279  cfs), 
and  896  m^/sec  (3,200  cfs),  respectively.  These  values  were  compared 
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to  Table  II-5  of  the  First  Year  Environmental   Baseline  Report  (FYEBR), 
but  the  results  are  inconclusive.     (It  should  be  noted  here  that  Table 
I 1-5  of  the  FYEBR  has  two  typing  errors  in  it.     These  are:     1]  the 
5-year  peak  discharge  by  the  SCS  method  for  Hell's  Hole  Canyon  should 
be  26  m3/sec  and  924  cfs;  2]  the  10-year  peak  discharge  by  the  SCS 
method  for  Hell's  Hole  Canyon  should  be  40  m3/sec  and  1400  cfs.)     The 
unit  peak  discharges  at  stations  6405,  6610,  and  6625  for  the  period  of 
record  are  0.211  n^/sec/km2  (19.3  cfs/mi2),  0.516  n^/sec/km2  (47.2  cfs/ 
mi2),  and  0.0138  m3/sec/km2  (1.26  cfs/mi2).     There  are  general   sim- 
ilarities in  total   runoff  for  these  dry  washes,  when  one  exhibits  high 
or  low  total  yearly  runoff  the  others  exhibit  the  same  trend.     Daily 
discharge  figures  show  these  same  kinds  of  trends.     Analyses  of  flood 
frequency  cannot  be  determined  from  these  station  records  because  the 
six  years  of  data  available  is  insufficient  for  an  accurate  determina- 
tion of  flood  frequency  values  up  to  the  100-year  flood,  according  to 
standard  USGS  procedures. 

The  average  annual   runoff  volumes  for  stations  6405,  6610  and  6625 
for  the  six  years  of  record  are  5.4  hectare-meters  (44  acre-feet),  3.4 
hectare-meters  (27.6  acre- feet),  and  17.8  hectare-meters  (145  acre-feet) 
respectively.     These  values  were  compared  with  Table  I I -3  of  the  FYEBR. 
The  estimates  presented  in  the  FYEBR  are  considerably  higher  than  the 
recorded  values  of  runoff.     The  average  values  of  unit  runoff  for  the 
six  years  of  record  at  these  stations  are  0.091  centimeter  (0.034 
inch),  0.069  centimeter  (0.027  inch),  and  0.071  centimeter  (0.028 
inch).     This  indicates  that  the  volume  of  surface  runoff  leaving  the 
three  dry  wash  drainages  averaged  less  than  0.5%  of  the  volume  of 
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precipitation  falling  on  these  drainages  over  the  1975  through  1980 
water  years.  The  variations  in  unit  runoff  between  the  three  dry  wash 
drainages  are  probably  somewhat  misleading  because  of  the  short  period 
of  record.  It  is  likely  that  over  a  longer  period  of  record  (at 
least  ten  years)  the  variations  in  unit  runoff  between  the  dry  wash 
drainages  would  be  reduced. 

The  water  quality  data  collected  during  the  1980  water  year  at 
stations  6405  and  6610  illustrate  wide  variations.  This  situation  also 
occurred  during  the  Baseline  period  (1975  and  1976  water  years).  The 
variations  between  samples  collected  at  different  times  at  each  station 
are  related  to  variations  of  streamflow  conditions  common  to  dry  washes 
of  this  type.  This  was  discussed  in  more  detail  in  the  Final  Environ- 
mental Baseline  Report  (FEBR).  Because  of  the  wide  variation  of  water 
quality  at  each  station,  it  is  not  meaningful  to  make  a  comparison 
between  years.  However,  the  combination  of  the  entire  data  record  at 
each  station  over  several  years  will  help  to  characterize  the  water 
quality  of  that  drainage  since  individual  hydrologic  events,  and 
therefore  water  quality,  vary  considerably  from  year  to  year. 

Certain  observations  can  be  made  based  on  a  comparison  of  the 
water  quality  data  between  stations  6405  and  6610.  The  most  noticeable 
differences  are  in  the  distribution  of  major  ions.  Samples  collected 
at  station  6405  in  Hell's  Hole  Canyon  have  higher  relative  proportions 
of  calcium  and  magnesium  (therefore,  lower  values  of  Sodium  Adsorp- 
tion Ratio  and  percent  sodium)  than  the  samples  collected  at  station 
6610  in  Southam  Canyon.  These  differences  in  water  quality  are  prob- 
ably related  to  the  differences  in  streambed  minerology,  which  were 
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presented  in  the  FEBR.  Streambed  samples  at  station  6405  illustrated 
a  much  lower  percentage  of  feldspar  and  a  much  higher  percentage  of 
dolomite  in  comparison  to  the  streambed  samples  collected  at  stations 
6610  and  6625. 

In  summary,  no  conclusions  can  be  drawn  concerning  the  differences 
in  instantaneous  streamflow  and  water  quality  of  the  dry  washes  between 
the  1980  water  year  and  the  previous  years  of  record.  The  data  col- 
lected during  each  year,  and  even  during  each  flow  event,  will  illus- 
trate wide  variations  due  to  natural  runoff  characteristics  of  dry 
washes.  The  daily  and  yearly  runoff  figures  however,  will  show  similar 
trends  when  the  three  dry  wash  station  records  are  compared.  This  same 
set  of  circumstances  holds  true  for  water  quality  figures.  Each  flow 
event  is  very  different  but  the  same  individual  basin  characteristics 
may  be  seen  in  a  combination  of  all  the  figures  over  several  years  of 
record  for  the  dry  wash  stations. 
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4.1.2  Ground  Water 

The  ground  water  being  monitored  at  the  project  area  is  divided 
into  two  groups:  the  bedrock  aquifer  water  and  the  alluvial  aquifer 
water.  The  term  "bedrock  aquifer  water,"  refers  to  ground  water 
contained  within  the  Uinta  and  Green  River  Formations.  The  principal 
aquifers  in  the  project  area  are  the  Bird's  Nest  aquifer  located  in  the 
upper  portion  of  the  Parachute  Creek  Member,  and  the  Douglas  Creek 
aquifer  located  in  the  Douglas  Creek  Member.  Both  of  these  members 
belong  to  the  Green  River  Formation.  A  third  bedrock  aquifer  of 
limited  areal  extent  is  located  in  a  zone  near  the  contact  of  the  lower 
Uinta  and  upper  Green  River  Formations,  and  is  referred  to  as  the  upper 
aquifer.  The  second  group  of  ground  water,  alluvial  aquifer  water,  is 
that  water  confined  to  the  alluvium  deposited  in  Southam  Canyon  and 
along  the  White  River. 

4.1.2.1  Objectives 

The  1980  work  plan  involved  three  major  areas  of  interest  regard- 
ing bedrock  aquifer  water.  These  were  1)  extension  of  the  data  base  in 
regard  to  water  levels,  2)  provide  continuity  between  baseline  condi- 
tions and  the  present  monitoring  period,  and  3)  define  long-term  trends 
of  water  levels  of  the  monitored  bedrock  aquifer  wells.  Table  4.1-19 
lists  the  monitoring  wells  and  their  respective  aquifer. 

4.1.2.2  Methods 

Static  water  levels  were  continuously  monitored  throughout  the 
year  by  WRSP  at  wells  P-l,  P-2  upper,  P-2  lower,  and  P-3.  Time  acti- 
vated digital  punch  recorders  recorded  the  water  level  every  hour  at 
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TABLE  4.1-19 
BEDROCK  AQUIFER  MONITORING  WELLS* 

**P-1  Bird's  Nest  Aquifer 

**P-2  Upper  Upper  Aquifer 

**P-2  Lower  Bird's  Nest  Aquifer 

**P-3  Bird's  Nest  Aquifer 

P-4  Bird's  Nest  and  Douglas 

Creek  Aquifer 

G-5  Bird's  Nest  Aquifer 

G-8  Bird's  Nest  Aquifer 

G-8A  Bird's  Nest  Aquifer 

G-10  Bird's  Nest  Aquifer 

G-ll  Bird's  Nest  Aquifer 

G-15  Bird's  Nest  Aquifer 

G-21  Bird's  Nest  Aquifer 

*Refer  to  Figure  4.1-1  for  location  of  wells. 
**Continuous  monitoring  of  static  water  levels. 
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these  four  wells.  For  quality  control,  WRSP  manually  checked  the 
water  level  at  all  four  wells  once  a  month. 

Manual  water  level  readings  were  taken  by  WRSP  at  G-5,  G-8,  G-8A, 
G-10,  6-11,  G-15,  G-21  and  P-4  in  November  1979  and  April  1980,  which 
correspond  to  maximum  and  minimum  water  levels,  respectively,  as 
indicated  during  the  baseline  period. 

4.1.2.3  Data  Summary 

The  continuous  hydrographs  for  wells  P-l,  P-2  upper,  P-2  lower, 
and  P-3  are  presented  in  Figures  4.1-9  and  4.1-10.  Semi-annual 
static  water  level  measurements  for  wells  G-5,  G-8,  G-8A,  G-10,  G-ll, 
G-15,  G-21  and  P-4  are  presented  in  Table  4.1-20.  The  data  indicate 
that  the  static  water  levels  of  wells  P-l,  P-2  upper  and  P-2  lower  have 
remained  steady  throughout  the  year.  Maximum  fluctuation  of  less  than 
.45  meters  (1.48  feet)  was  characteristic  of  all  three  wells. 

The  static  water  level  of  well  P-3  was  markedly  stable  throughout 
the  year  as  compared  to  previous  years.  Maximum  variations  of  less 
than  1.80  meters  (5.9  feet)  were  recorded.  The  static  water  level 
remained  relatively  stable  from  October  1979  through  February  1980. 
From  mid-March  to  early  April  the  water  level  rose  to  137.23  meters 
(450.24  feet)  and  then  fell  to  138.94  (455.85  feet)  in  mid-April.  Two 
other  peaks  occurred  in  mid-May  and  early  June  1980.  Water  level 
measurements  declined  1.31  meters  (4.29  feet)  from  June  5  to  June  28 
and  remained  relatively  stable  for  the  period  June  28  to  September  30, 
1980.  The  general  configuration  of  the  water  level  contours  in  April 
1980  for  the  Birds  Nest  aquifer  is  presented  on  Figure  4.1-11. 
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4.1.2.4  Conclusions 

The  static  water  levels  of  the  bedrock  aquifer  monitoring  wells 
during  the  1980  water  year  have  maintained  levels  similar  to  those 
found  during  the  baseline  period,  in  all  three  bedrock  aquifers  (Upper, 
Birds  Nest  and  Douglas  Creek)  with  one  exception  at  well  P-3. 

Previous  studies  indicated  a  very  high  percent  of  barometric 
efficiency  for  the  continuously  monitored  wells  P-l,  P-2  upper,  P-2 
lower  and  P-3.  Similar  time  related  fluctuations  in  static  water 
levels  in  all  monitor  wells,  with  the  exception  of  P-3,  have  been  small 
and  are  probably  the  result  of  seasonal  influences  and  changes  in 
barometric  pressure. 

Static  water  levels  in  P-3  have  apparently  stabilized  as  evidenced 
from  previously  recorded  data.  During  May  1978,  P-3  reached  a  maximum 
level  of  136.2  meters  (446.7  feet)  and  then  declined  to  levels  between 
137.76  meters  (452.0  feet)  and  138.98  meters  (456.0  feet).  The  trend 
continued  during  1980  monitoring  with  no  substantial  rise  or  decline  in 
the  water  level  of  P-3.  The  mechanisms  causing  the  static  water  level 
fluctuations  in  well  P-3  have  been  attributed  to  various  phenomena 
(barometric  effiency,  H2S  gas  emissions).  None  of  these  phenomena 
have,  as  yet,  been  studied  in  sufficient  detail  to  enable  an  accurate 
assessment  of  the  effects  of  the  mechanisms  involved. 
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4.1.3  Alluvial  Aquifer  Water 

The  alluvial  aquifer  program  involved  a  continuation  of  the 
program  started  on  October  1,  1978.  Alluvial  wells  AG-6-2  and  AG-8 
which  were  part  of  the  1979  plan  were  destroyed  by  flash  floods  in 
September  of  1979.  Review  of  previously  collected  data  indicated  that 
sufficient  baseline  data  were  collected  for  AG-8  and  that  it  closely 
resembled  surface  water  quality  of  Evacuation  Creek.  AG-6-1  and  AG-6-2 
were  exhibiting  similar  characteristics  and  trends  between  one  another 
and  it  was  felt  that  AG-6-1  would  fully  characterize  any  changes  that 
might  occur  in  the  alluvial  ground  water  of  Southam  Canyon  and  re- 
establishment  of  AG-6-2  was  not  considered  necessary. 

4.1.3.1  Objectives 

The  1980  work  plan  involved  three  major  areas  of  interest  regard- 
ing alluvial  aquifer  water.  These  were  1)  extension  of  the  data  base 
in  regard  to  water  levels  and  field  measurements  of  water  quality,  2) 
provide  continuity  between  baseline  conditions  and  the  present  monitor- 
ing period,  and  3)  define  long-term  trends  of  water  level  and  water 
quality  of  the  monitored  alluvial  wells. 

4.1.3.2  Program  Design  and  Methodology 

The  program  included  monitoring  alluvial  wells  AG-3-1  (lower), 
AG-3-3  (upper)  and  AG-6-1  (lower).  This  involved  measuring  static 
water  levels,  temperature,  and  specific  conductance  during  the  months 
of  November,  1979  and  April,  June  and  September,  1980. 

The  1980  work  plan  stated  that  a  water  quality  sample  would  be 
collected  at  any  well  that  exhibited  a  specific  conductance  measurement 
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20%  higher  than  the  maximum  recorded  value  or  20%  lower  than  the 
minimum  recorded  value  the  previous  period  of  record  for  that  well. 
The  specific  conductance  value  for  well  AG-6-1  during  November 
1979  was  slightly  below  this  lower  criteria.  However,  a  water  quality 
sample  was  not  collected  since  a  sample  had  been  collected  in  September 
1979.  The  water  quality  for  this  well  during  recent  months  had  been 
slowly  approaching  a  relatively  stable  condition.  It  was  felt  that  the 
field  values  for  specific  conductance  would  adequately  describe  the 
water  quality  of  the  alluvial  aquifer  at  this  location. 

4.1.3.3  Data  Summary 
Static  Water  Levels 

The  measurements  of  the  static  water  level  of  the  three  alluvial 
wells  are  presented  in  Table  4.1-21.  The  depth  to  the  static  water 
level  was  measured  from  the  top  of  the  well  casing. 

Alluvial  wells  AG-3-1  and  A6-3-3  in  the  White  River  alluvium 
exhibited  water  level  fluctuations  of  0.838  meters  (2.75  feet)  and 
0.851  meters  (2.79  feet)  respectively.  The  highest  static  water  level 
of  both  wells  occurred  in  June  and  lowest  in  November  for  AG-3-1  and 
September  for  AG-3-3.  Comparison  of  the  entire  record  of  AG-3-1  and 
AG-3-3  shown  in  Figure  4.1-12  indicated  highest  static  water  levels 
occurring  in  the  periods  of  June-July  and  lowest  occurring  generally 
during  the  periods  between  September  and  November.  The  water  level 
fluctuation  for  AG-3-1  and  AG-3-3  for  the  entire  period  of  record  has 
been  1.051  meter  (3.45  feet)  and  1.027  meters  (3.37  feet)  respectively. 
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Alluvial  well  AG-6-1  in  Southam  Canyon  alluvium  exhibited  water 
level  fluctuations  of  0.637  meters  (2.09  feet)  during  the  year.  The 
highest  static  water  level  was  measured  in  June  and  the  lowest  in 
September.  Inspection  of  the  entire  record  of  AG-6-1  shown  in  Figure 
4.1-12  indicates  highest  static  water  levels  occurring  in  the  period 
May-June  and  the  lowest  occurring  generally  between  August-October. 
The  water  level  fluctuations  for  the  entire  period  of  record  has  been 
1.112  meters  (3.65  feet). 

Water  Quality 

The  field  measurements  of  temperature  and  specific  conductance  for 
these  alluvial  wells  are  presented  in  Table  4.1-21.  At  well  AG-3-1, 
temperature  values  ranged  from  a  low  of  11.0°C  in  the  month  of  April  to 
a  high  of  13.8°C  during  September.  Specific  conductance  values  ranged 
from  3,900  umhos  in  November  to  3,200  umhos/cm  in  June.  Inspection  of 
the  entire  record  of  specific  conductance  for  AG-3-1  shown  in  Figure 
4.1-13  indicates  a  range  from  a  high  of  4,600  umhos/cm  to  a  low  of 
3,200  umhos/cm.  At  well  AG-3-3  the  water  temperature  values  ranged 
from  a  low  of  11.0°C  in  April  to  a  high  of  14.2°C  in  September. 
Specific  conductance  values  ranged  from  a  high  of  3,100  umhos/cm  in 
November  to  a  low  of  2,820  umhos/cm  in  September.  Inspection  of  the 
entire  record  of  specific  conductance  for  AG-3-3  shown  in  Figure 
4.1-13  indicates  a  high  of  4,200  umhos/cm  to  a  low  of  2,800  umhos/cm. 

Alluvial  well  AG-6-1  in  Southam  Canyon  reported  a  temperature 
range  between  13.4°C  and  14.0°C.  Specific  conductance  values  ranged 
from  a  low  of  1,225  umhos/cm  in  November  to  a  high  of  1,400  umhos/cm  in 
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April.  Inspection  of  the  entire  record  of  specific  conductance  for 
AG-6-1  shown  in  Figure  4.1-14  indicates  a  high  of  7,250  umhos/cm  to  a 
low  of  1,225  umhos/cm. 

4.1.3.4  Conclusions 

The  alluvial   aquifer  monitoring  program  showed  minimal   differences 
in  the  data  collected  during  the  1980  program.     Wells  AG-3-1  and  AG-3-3 
are  relatively  stable  and  have  displayed  little  change  since  the 
beginning  of  monitoring  of  these  wells.     During  the  interim  period, 
AG-3-1  has  exhibited  a  slight  decrease  in  average  conductance  values. 
This  occurred  between  November  1978  to  the  present.     This  drop  is 
probably  attributable  to  flushing  of  the  alluvial   groundwater  system 
due  to  larger  discharge  volumes  for  the  White  River  during  this  same 
period.     AG-6-1  in  Southam  Canyon  has  significantly  changed  since  the 
start  of  monitoring  (see  Figure  4.1-14  )  with  respect  to  specific 
conductance.     During  the  first  year  of  monitoring,  values  of  specific 
conductance  ranged  between  6,000-7,000  umhos/cm.     During  the  second 
year  a  decline  in  specific  conductance  was  recorded  and  in  late  1978 
stabilized  to  ranges  between  1,000  and  2,000  umhos/cm.     This  range  has 
continued  to  the  present  day  and  it  is  felt  that  AG-6-1  is  stable  with 
a  range  of  specific  conductance  between  1,000  and  2,000  umhos/cm. 
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4.1.4  Precipitation/Evaporation 

This  aspect  of  the  water  resources  monitoring  program  includes  the 
combined  efforts  of  White  River  Shale  Project  (WRSP)  and  the  Bureau  of  Land 
Management  (BLM).  During  the  1980  water  year  the  BLM  monitored  a  regional 
network  of  precipitation  gauges  in  the  Uinta  Basin  in  the  vicinity  of 
Tracts  Ua/Ub  while  WRSP  monitored  a  site  specific  network  of  precipitation 
gauges  and  evaportation  pans  located  on  and  near  to  Tracts  Ua/Ub. 

4.1.4.1  Objectives 

The  objectives  of  the  WRSP  precipitation/evaporation  monitoring 
program  are:   1)  to  provide  site  specific  information  on  precipitation  and 
evaporation  at  both  the  plant  site  and  the  processed  shale  disposal  area; 
2)  to  continue  to  establish  precipitation  patterns  on  the  tracts;  3)  to 
augment  the  BLM  data  collection  network,  shown  in  Figure  4.1-15;  and  4)  to 
relate  the  records  for  the  current  year   to  data  collected  previously. 

4.1.4.2  Program  Design  and  Methodology 

Precipitation  was  monitored  on  the  tracts  at  eight  locations. 
Automatic  recording  gauges  were  operated  during  October  1979  and  from 
April  through  September  1980  at  two  locations  in  Southam  Canyon  (ARA-2 
and  ARS-9).  An  additional  automatic  recording  gauge  was  operated  year 
round  at  the  plant  site  (ARA-13).  The  remaining  five  gauges  in  the 
network  were  all  of  the  standard  storage  type  and  were  located  at  the 
following  locations:  the  mouth  of  Southam  Canyon  (RS-13),  near  air 
station  A-7  north  of  the  White  River  (RV-7),  near  well  G-8  in  the  drain- 
age of  Evacuation  Creek  (RV-8),  on  the  ridge  between  the  Southam 
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Canyon  and  Evacuation  Creek  drainages  at  air  Station  A-4  (RA-4),  along  the 
White  River  near  the  mouth  of  Asphalt  Wash  (RS-11).   In  addition,  a  storage 
gauge  was  stationed  adjacent  to  each  of  the  automatic  gauges,  to  act  as  a 
backup  in  case  of  equipment  failure.  All  storage  gauges  were  operated  on  a 
year  round  basis.  Data  from  Stations  RV-7  and  RV-8,  in  addition  to  being 
used  to  establish  the  hydroclimate  of  the  tracts,  are  being  applied  in  the 
revegetation  studies  for  Tracts  Ua/Ub. 

Evaporation  measurements  were  taken  between  May  and  September,  1980. 
Measurements  were  made  with  screened  ground  pans  in  Southam  Canyon  (EVP-2) 
and  at  the  plant  site  (EVP-13)  during  the  freeze-free  period. 

Figure  4.1-1  shows  precipitation  gauge  and  evaporation  pan  locations 
for  the  1980  water  year. 

4.1.4.3  Data  Summary 
Precipitation 

Monthly  and  annual  precipitation  data  for  gauges  located  on  the  tracts 
are  presented  in  Table  4.1-22.  Analysis  of  the  seasonal  and  annual 
variation  of  precipitation  across  the  tracts  are  shown  in  Figures  4.1-16 
through  4.1-20. 

Annual  precipitation  ranged  from  a  high  at  RA-4  of  27.78  cm  (11.33  in) 
to  a  low  of  24.46  cm  (8.20  in)  at  RS-11.  The  1980  tract  average  based  on 
eight  gauges  was  24.46  cm  (9.63  in). 
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Precipitation  at  the  proposed  plant  site  totalled  24.13  cm  (9.50 
in)  during  the  1980  water  year.  Precipitation  was  recorded  on  39  days 
during  the  year  with  the  greatest  daily  and  single  event  total  occur- 
ring on  October  20,  1979  when  2.54  cm  (1.00  in)  fell  over  a  9.5  hour 
period. 

While  October  20,  1979  produced  the  greatest  precipitation  at 
ARA-13,  the  tracts  as  a  whole  received  the  most  significant  precipita- 
tion on  August  25,  1980.  Precipitation  amounts  for  this  single  storm 
varied  from  a  low  of  2.03  cm  (0.80  in)  at  ARA-13  and  ARA-2  to  a  high  of 
5.61  cm  (2.21  1n)  at  RS-9. 

Table  4.1-23  presents  the  annual  precipitation  data  for  water 
years  1975  through  1980. 

A  comparative  study  made  between  1980  water  year  data  and  historic 
data  presented  in  the  FEBR  shows  a  marked  similarity  as  shown  in  Table 
4.1-24.  In  both  cases  precipitation  exhibited  a  general  pattern  of 
low  in  the  northwest  increasing  to  highs  in  the  southeast. 

Summer  received  the  greatest  seasonal  precipitation,  8.66  cm 
(3.41  in),  in  1980,  followed  by  winter,  6.76  cm  (2.66  in).  In  contrast 
to  the  other  seasons,  summer  has  a  higher  variability  of  data  across 
the  tracts.  The  cause  for  this  is  the  intense  thunderstorms  that  cross 
the  tracts  during  this  season.  The  most  intense  portions  of  these 
storms,  which  produce  the  greatest  precipitation,  may  only  affect  a 
small  area  causing  precipitation  totals  at  some  stations  to  appear 
unduely  high. 
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TABLE  4.1-23 

ANNUAL  PRECIPITATION  FOR 
WATER  YEARS  1975  THROUGH  1980 


Station       1975     1976     1977     1978     1979     1980 


ARA-2 

cm           24.38 
in            9.60 

15.24 
6.00 

25.91 
9.91 

26.72 
10.52 

RA-4 

cm 
in 

32.74 
12.89 

28.78 
11.33 

ARS-9 

cm     26.90    25.93 
in     10.59    10.21 

28.68 
11.29 

26.24 
10.33 

ARA-13 

cm           23.37 
in            9.20 

15.24    16.51 
6.00     6.50 

26.24 
10.33 

24.13 
9.50 

RS-13 

cm    21.78    24.87 
in     8.57     9.78 

24.97 
9.83 

24.61 
9.69 

RV-7 

cm 
in 

20.57 
8.10 

26.16 
10.30 

23.42 
9.22 

RY-8 

cm    23.10 
in     9.09 

16.21 
6.38 

28.37 
11.17 

23.06 
9.08 

• 

RS-11 

cm    20.68 
in     8.14 

26.85 
10.57 

20.83 
8.20 

. 

Average 

cm 
in 

27.40 
10.79 

24.72 
9.73 

■ 

■ 

TABLE  4.1-24 
COMPARISON  OF  1980  WITH  HISTORIC 

DATA* 

Tract 
Year         Low 

Tract 
High 

Tract 
Average 

25.40  cm 
(10.00  in) 

Historic     22.86  cm 
(9.00  in) 

27.94  cm 
(11.00  in) 

1980        20.83  cm 
(8.20  in) 

28.78  cm 
(11.33  in) 

24.72  cm 
(9.73  in) 

*Historic  data  presented  in  FEBR  (October,  1977) 
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Data  collected  by  the  BLM  regional   network,  consisting  of  13  gauges, 
shows  that  annual  totals  ranged  from  a  low  of  19.05  cm  (7.50  in)  at  Beaser 
Wash  (BLM  Sta.   #39)  22  miles  northwest  of  the  tracts  to  a  high  of  56.64  cm 
(22.30  in)  at  South  Canyon  (BLM  Sta.  #33)  30  miles  south  of  the  tracts. 

Evaporation 

The  evaporation  data  for  stations  EVP-2  and  EVP-13  for  the 
freeze-free  period  from  May  through  September  1980  are  shown   in  Table 
4.1-25.     The  total   evaporation  values  at  EVP-2  and  EVP-13  were  93.72  cm 
(36.90  in)  and  66.25  cm  (26.08  in)  respectively.     For  both  sites  June 
exhibited  the  greatest  moisture  loss  with  a  26.48  cm  (10.43  in)   loss  at 
EVP-2  and  a  17.53  cm  (6.90)   loss  at  EVP-13.     Table  4.1-26  shows  1980  data   in 
relation  to  previous  years'  data. 

After  a  review  of  evaporation  data  for  the  1979  water  year  questions 
arose  as  to  the  quality  of  data  collected  at  EVP-13.     The  terrain  features 
around  the  pan  created  a  shield  to  both  radiation  and  wind.     Since  these 
are  major  factors  contributing  to  evaporation,   it  was  decided  to  relocate 
EVP-13  to  a  more  exposed  site  in  the  same  general   area.     To  determine  the 
effect  of  relocating  the  pan,   an  experiment  was  run  during  the  1980  water 
year,   using  the  evaporation  pan  at  the  new  location  and  two  non-standard 
pans.     A  non-standard  pan  was  placed  at  the  new  EVP-13  site  adjacent  to  the 
standard  pan  and  the  other  was  placed  at  the  old  EVP-13  site.     Data 
collected  by  the  non-standard  pans   indicated  a  20%  difference  in  net  pan 
evaporation  between  the  old   and  new  sites. 
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TABLE 

4, 

.1-25 

MONTHLY  NET 

EVAPORATION 

Station 

May 

Jim 

Jul 

Aug 

Sep 

Period 

EVP-2   cm 

8.64 

26.48 

22.20 

15.18 

12.70 

85.19 

in 

3.40 

10.43 

8.74 

5.98 

5.00 

33.54 

EVP-13  cm 

5.11 

17.53 

14.87 

11.37 

9.34 

58.20 

in 

2.01 

6.90 

5.86 

4.48 

3.68 

22.92 

TABLE  4.1-26 
EVAPORATION  FOR  WATER  YEARS  1975  THROUGH  1980 

EVP-2  EVP-6  EVP-13*1) 


Year 

cm 
in 

Net 

99.62 
39.22 

Total ( 2) 

103.42 
40.72 

Net 

Total (2) 

107.61 
42.37 

Net 

Total  (< 

1975 

100.19 
39.45 

1976 

cm 
in 

84.20 
33.15 

91.33 
35.96 

83.11 
32.72 

87.40 
34.41 

1977 

cm 
in 

97.03 
38.27 

100.99 
39.76 

62.42 
24.67 

68.31 
26.89 

1978 

cm 
1n 

92.20 
36.30 

97.65 
35.82 

72.49 
28.54 

78.93 
31.07 

1979 

cm 
in 

87.19 
34.33 

88.85 
34.98 

54.42 
21.43 

60.58 
23.85 

1980 

cm 
in 

85.19 
33.54 

93.72 
36.90 

58.20 
22.92 

66.25 
26.08 

(1)  EVP-13  moved  after  1979  water  year. 

(2)  Total   Evaporation  =  (Net  +  [May-Sep  Precipitation])   (0.95). 
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Table  4.1-27  presents  the  monthly  net  evaporations  for  the  three 
pans  used  in  the  experiment. 

Comparison  of  data  from  the  new  EVP-13  location  and  the  data  from 
EVP-2,  indicated  that  the  large  variation  between  stations  persisted. 
The  indication  is  that  even  through  care  is  taken  to  allow  the  maximum 
exposure,  valley  stations  are  subject  to  significantly  lower  evapora- 
tion rates  than  ridge  sites.  This  difference  can  be  credited  to  marked 
differences  in  air  flow  and  received  radiation. 

4.1.4.4  Conclusions 
Precipitation 

Data  thus  far  collected  indicate  the  tracts  annually  receive 
between  23  and  25  cm  (9  and  10  1n)  of  precipitation  on  the  average. 
Precipitation  is  lowest  in  the  northwest  and  increases  to  the  south- 
east. Migrating  thunderstorms  that  cross  the  tracts  have  a  dominant, 
but  variable  effect  on  summer  precipitation.  Further  studies  are  planned  for 
1981  to  define  this  effect. 

Evaporation 

Extreme  variations  exist  between  valley  and  ridge  locations.  Data 
collected  at  the  new  EVP-13  location  indicate  that,  while  evaporation 
was  inhibited  at  the  old  EVP-13  site  due  to  an  exposure  problem,  the 
relocation  could  account  for  only  about  20%  of  the  difference  between 
valley  and  ridge  sites.  Data  from  the  old  EVP-13  site  remain  valid, 
however,  it  only  defines  that  site. 
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TABLE  4.1-27 


MONTHLY  NET 
FOR  EVP- 

EVAPORATION 
13  SITES 

Station 

May 

5.11 
2.01 

Jun 

17.53 
6.90 

Jul 

14.87 
5.86 

Aug 

11.37 
4.48 

Sep 

9.34 
3.68 

Period 

58.20 
22.93 

Standard 
New  Site 

cm 
in 

Non  Standard 
New  Site 

1.12 

0.44 

5.11 
2.01 

3.96 
1.56 

2.92 
1.15 

2.36 
0.93 

15.47 
6.09 

cm 
in 

Non  Standard 
Old  Site 

1.12 
0.44 

4.17 
1.64 

3.30 
1.30 

2.41 
0.95 

1.93 
0.76 

12.93 
5.09 

cm 
in 
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4.2  AIR  RESOURCES 

A  two-year  Baseline  Program  began  late  in  1974  and  was  completed  in  January 
1977.  The  baseline  years  referred  to  in  this  report  are   1975  and  1976.  An 
interim  program  went  into  effect  in  January  1977.  The  Interim  Air  Resources 
Monitoring  Program  was  designed  as  a  systematic  step  between  the  Baseline 
Monitoring  Program  and  the  Development  Monitoring  Program.  Collection  of  data 
on  pertinent  air  quality  and  meteorological  parameters  has  continued  since  the 
Baseline.  During  1977,  1978,  1979,  and  1980,  four  monitoring  stations  collected 
meteorological  data  with  one  of  these  sites  (A6)  used  additionally  for  air 
quality  monitoring.  Beginning  in  1981  the  monitoring  program  for  the 
development  phase  will  be  implemented. 

Figure  4.2-1  shows  the  specific  locations  of  the  air  quality  and 
meteorological  sites  operated  by  AeroVironment  for  White  River  Shale  Project  on 
the  Ua-Ub  tracts  during  1980. 

Data  for  previous  years  were  analyzed  in  previous  progress  reports  (White 
River  Shale  Project  Reports,  1976  through  1980).  The  analyses  and 
summarizations  of  the  data  collected  during  the  interim  monitoring  year  1980  are 
presented  here. 

4.2.1  Air  Quality  Monitoring  Program 

The  interim  Air  Quality  Program  was  initiated  on  16  January  1977.  The 
prime  objective  of  this  program  was  to  determine  if  the  occasional  high  levels 
of  ozone  and  non-methane  hydrocarbons  noted  during  the  baseline  period  recurred 
during  the  lease  suspension  period.  Another  objective  was  to  maintain  continu- 
ity of  data  on  other  air  quality  parameters  and  to  note  any  significant  devia- 
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tions  of  values  of  these  parameters  from  those  observed  during  the  Baseline 
Program. 

Site  A6  (see  Figure  4.2-1)  has  continued  to  operate  as  during  the  Base- 
line Program.  Table  4.2-1  lists  the  instruments  used  and  the  parameters  measured 
during  1980.  On  16  January  1980,  a  second  high-volume  sampler  was  placed 
alongside  the  existing  one  at  Site  A6  in  conformance  with  EPA's  latest  guide- 
lines. A  new  instrument  that  measures  S0?  by  the  pulsed  fluorescent  method 
was  installed  on  28  February.  This  instrument  does  not  measure  H?S  or  TS. 
The  Beckman  Instruments  model  6800,  which  measured  CO  as  well  as  hydrocarbons, 
was  removed  on  6  May  1980.  A  Monitor  Labs  Model  8310  to  measure  CO  was  installed 
at  this  time.  Table  4.2-1  also  shows  detection  limits  and  data  precisions 
and  validity  of  the  instruments.  All  parameters,  except  total  suspended  partic- 
ulates, are  monitored  continuously.  Data  are  recorded  on  digital  punched 
tapes  every  six  minutes  and  on  strip  charts  every   two  minutes. 

Site  A3  is  a  standby  site  which  would  have  the  same  instrumentation  as 
A6  and  be  put  into  service  if  A6  were  to  become  inoperable. 

Total  suspended  particulates  are  measured  over  a  24-hour  period  at  A6 
every  sixth  day.  This  schedule  is  the  same  as  used  in  the  Baseline  Monitoring 
Program  and  is  considered  sufficient  for  continued  characterization  of  the 
randomly  produced  background  particulate  material  levels. 

4.2.1.1   Quality  Assurance  Program.  Quality  assurance  provisions  were 
fourfold.  First,  all  instruments  used  during  this  year  were  internally  audited 
three  times  (23-26  March,  18-21  June,  2-5  December  1980).  Second,  the  air 
quality  instruments  were  recalibrated  (dynamic  multiple  point)  monthly.  Third, 
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TABLE  4.2-1.   Air  quality  monitoring  equipment  by  parameter  and  the  instrument 
lower  detection  limit,  data  precision,  and  lower  limit  of  data 
validity  during  1980. 


Parameter 

Monitoring  Instrument 

Instrument 

Lower 
Dectection 

Limit 

Data 
Precision 

Lower 

Limit 

of  Data 

Validity 

°3 

Monitor  Labs  Model  8410E 
ozone  analyzer, 
chemi luminescence 

2  ^g/m3 

6  fig/m 

6  /ug/m 

CO 

Monitor  Labs  Model  8310 
infrared 

3 
0.1  mg/m 

3 
0.1  mg/m 

0.1  mg/m3 

N0X 
NO 

Monitor  Labs  Model  8440E 
NO/NO  analyzer, 
chemiiuminescence 

5  *<g/m 
5  /Liq/m 

6  fig/m 
6  /<g/m 

6  fiq/m 
6  ftg/m 

N02(N0X-N0) 

5  ^g/m 

12  ftg/m3 

12  fig/m3 

so2 

2 
Thermo  Electron  Corp. 

Model  43  pulsed 

fluorescent  S0~ 

analyzer 

25  ,/g/m3 

8  /ig/m3 

25  f/g/m3 

THC/CH4 

3 
Beckman  Instruments 

Model  6800  Air  Quality 

gas  chromatograph 

3 
65  yug/m 

3 
65  /ug/m 

3 
65  /ug/m 

NMHC(THC-CH4) 

3 
65  /ug/m 

130  ^g/m3 

130  ^g/m3 

TSP 

.  . 

4 
Sierra  Instruments  Model 

GMWC-2000H,  Hi -Vol  with 

constant  flow 

0.5  ^g/m3 

+  6%   of 
Toad  or~ 
1  /ug/m 

1  ^g/m 

1 


installed  May  1980 
> 
"installed  February  1980 

'removed  May  1980 

collocated  hi-vol  sampler  installed  January  1980 
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the  instruments  were  span  and  zero  checked  three  times  per  week.  Fourth, 
there  were  two  EPA  external  audits  (25  March  and  20  June  1980).  This  calibra- 
tion schedule  is  more  rigorous  than  for  the  Baseline  program,  reflecting  the 
greater  reliability  demanded  of  a  single  air  monitoring  station.  The  quality 
assurance  program  is  described  in  depth  in  the  report  "Quality  Assurance  Plan 
for  Air  Resources  Monitoring,  Oil  Shale  Lease  Tracts  Ua-Ub"  (AV-QA8047R,  Aero- 
Vironment  Inc.,  1981). 

The  air  quality  paramteters  monitored  during  1980  are  listed  in  Table 
4.2-2,  along  with  the  percentage  of  time  each  parameter  was  monitored.  For 
TSP,  the  calculation  was  based  on  data  collected  by  the  designated  TSP  sampler 
and  not  the  collocated  sampler. 

4.2.1.2  Data  Summary 
Gaseous  Pollutants 

Gaseous  air  quality  parameters  are  measured  only  at  Site  A6.  Utah  state 
air  quality  standards  for  gaseous  pollutants  are  the  same  as  the  federal 
standards.  For  reference  in  the  ensuing  discussions,  Table  4.2-3  gives  the 
National  Ambient  Air  Quality  Standards  (NAAQS)  for  the  various  gaseous  pollu- 
tants monitored  on  the  tracts. 

The  air  quality  on  the  tracts  during  1981  continued  to  be  wery   clear  of 
gaseous  pollutants.  The  only  pollutant  present  in  measurable  quantities  was 
ozone,  which  has  a  natural  non-zero  background  level.  Otherwise,  almost  all 
instruments  measuring  gaseous  pollutants  were  recording  at  their  threshold 
limit  most  of  the  time,  the  same  situation  as  found  during  the  baseline 
period. 
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TABLE  4.2-2 


Percentage  of  time  air  quality  parameters 
were  monitored  during  1  January  - 
31  December  1980. 


Number  of 

Percentage 
of  Time 

Component 

Stations 

Monitored 

so2 

1 

99 

N0X 

89 

°3 

96 

CO 

95 

Suspended 
Particulates 

97 
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TABLE  4.2-3.   National  and  Utah  air  quality  standards  for  gaseous  pollutants. 


Pollutant 

Averaging 
Time 

Primary 
Standards 

Secondary 
Standards 

Ozone  (0,) 

1-hour 

235  ,ug/m 
(0.12  ppm) 

Same  as 
primary 

Carbon  Monoxide  (CO) 

8-hour 
1-hour 

10  mg/m3 
(9  ppm) 

40  mg/m3 
(35  ppm)* 

Same  as 
primary 

Same  as 
primary 

Sulfur  Dioxide  (SOJ 

am 

annual 
average 

24-hour 
3-hour 

80  ag/m3 
(0.03  ppm) 

3 
365  /*g/m 

(0.14  ppm) 

1300  /ug/m3 
(0.5  ppm) 

Nitrogen  Dioxide  (N0«) 

annual 
average 

100  ug/m3 
(0.05  ppm) 

Same  as 
primary 

*A  new  national  primary  standard  of  25  ppm  has  been  proposed. 
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The  1980  data  were  compared  with  the  baseline  (1975-1976)  or  long-term 
(1975-1979)  data.  Generally,  the  data  exhibit  no  significant  abnormalities 
with  respect  to  earlier  data.  When  appropriate,  specific  comments  accompany 
the  discussion  of  each  parameter. 


1.   Ozone  (0,) 

Trends  of  the  diurnal  variation  of  03  at  Site  A6  for  January  and  July 
1980  and  baseline  are  shown  in  Figure  4.2-2.  The  daily  minimum  occurs  in 
the  early  morning,  while  the  daily  maximum  occurs  in  the  afternoon.  The  big- 
gest difference  between  the  maximum  and  minimum  ozone  values  occurs  in  July 
and  the  smallest  difference  in  January. 

Table  4.2-4  gives  the  monthly  averages  of  ozone  for  1980  compared  to 
the  baseline  averages.  Averages  for  the  April  through  June  1980  period  were 
above  the  baseline  averages.  December  1980  was  much  lower  than  baseline. 

The  seasonal  highest  hourly  concentration,  second  highest  hourly  concentra- 
tion, and  seasonal  averages  are  given  in  Table  4.2-5.  The  highest  and  second 

3 
highest  values  for  1980  were  143  ^g/m  .  These  values  were  recorded  during 

June.  The  seasonal  values  were  generally  comparable  to  those  observed  during 

3 
baseline.  The  nominal  detection  limit  for  the  ozone  analyzer  is  2  ^g/m  and 

3 
the  instrument's  validity  limit  is  +  6  ^g/m  . 

Figure  4.2-3  shows  the  monthly  maximum  hourly  values  and  means,  as  well 

as  the  mean  daily  maximum  hourly  averages  for  1980  compared  to  the  baseline 

period.  The  highest  maximums  and  means  occur  from  late  winter  through  summer. 

The  lowest  averages  occur  during  the  fall  months.  The  monthly  maximum  values 

for  January,  February,  June,  July,  August,  and  October  1980  were  higher  than 
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TABLE  4.2-4, 


Monthly  average  of  03  (//g/m  )  1980  compared  to 
baseline  values. 


Month 

Baseline 

1980 

Jan 

60* 

63 

Feb 

70 

77 

Mar 

70 

68 

Apr 

80 

85 

May 

75 

82 

Jun 

70 

87 

Jul 

80 

80 

Aug 

70 

79 

Sep 

65 

64 

Oct 

55 

62 

Nov 

45 

46 

Dec 

50 

39 

Annual 

67 

69 

^January  1976  only. 
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TABLE  4.2-5. 


Comparison  of  the  seasonal  highest  and  1-hour  0-  readings  (in 
pg/m  ) ,  as  well  as  the  seasonal  averages  at  Site  A6  for  the 
baseline  period  (1975-1976)  and  1980. 


Season 

Peak 
Concentration 

Second  Highest 
Concentration 

Seasonal 
Average 

Baseline 

1980 

Baseline 

1980 

Baseline 

1980 

Winter 

150 

137 

150 

135 

70 

60 

Spring 

150 

141 

140 

141 

75 

79 

Summer 

140 

143 

140 

143 

75 

82 

Fall 

140 

122 

120 

122 

55 

57 
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baseline  values.  The  mean  daily  maximum  hourly  averages  from  April  through 

October  were  also  higher  than  the  baseline  values. 

Figure  4.2-4  shows  the  trend  in  the  annual  averages  of  ozone  at  Site 
A6  since  1975. 

Figure  4.2-5  is  an  annual  ozone  pollution  rose  at  Site  A6  for  1980. 

3 
The  majority  of  low  0^  concentrations  (<j>0  /ug/m  )  occur  with  the  wind  blowing 

from  the  east-southeast.  This  is  the  nighttime  drainage  flow.  The  highest 

3 

values  (100  to  150  ^g/m  )  occur  with  the  wind  from  a  variety  of  directions. 

This  would  tend  to  rule  out  local  precursors  and  denote  the  influx  of  zone 
from  natural  origins. 

According  to  Chan  and  Smith  (1981),  the  ozone  concentrations  at  Site  A6 
depend  a  great  deal  on  the  ozone  content  of  the  troposphere.  Year-to-year 

variability  correlates  with  a  passage  of  fronts  over  the  site.  Unusually 

3 
high  ozone  concentrations  (>100  //g/m  )  can  be  attributed  to  long-range  trans- 
port from  urban  areas,  strong  turbulent  atmospheric  mixing  that  brings  ozone 
from  aloft  to  the  surface,  or  ozone  intrusion  accompanying  a  frontal  passage. 

2.   Carbon  Monoxide  (CO) 

Table  4.2-6  gives  the  highest,  second  highest,  and  average  one-hour  and 

eight-hour  CO  concentrations  at  Site  A6  for  each  season.  During  1980,  the 

3 
maximum  one-hour  concentration  was  2.5  mg/m  and  the  maximum  eight-hour  read- 

3  3  3 

ing  was  1.5  mg/m  .  These  are  lower  than  the  3.0  mg/m  and  1.8  mg/m  recorded 

during  the  baseline  period.  Most  of  the  values  are  near  zero  and  even  though 

the  values  may  appear  to  increase  this  year,  overall  CO  levels  have  not  changed 

3 
appreciably.  All  values  are  well-below  the  national  standards  of  40  mg/m 


4.2-13 


1980 


FIGURE  4.2-4.   Trend  of  annual  average  0-  at  Site  A6 
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FIGURE  4.2-5.   1980  annual  ozone  pollution  rose  at  Site  A6  (in/ig/m  ). 
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TABLE  4.2-6. 


Comparisons  of  the  seasonal  highest  ancLsecond  highest  1-hour  and 
8-hour  moving  mean  CO  readings  (in  mg/m  ),  as  well  as  the 
seasonal  averages  at  Site  A6  for  the  baseline  period  (1975-1976) 
and  1980. 


Season 

Averaging 
Time 

Peak 
Concentration 

Second  Highest 
Concentration 

Seasonal 
Average 

Basel ine 

1980 

Baseline 

1980 

Basel ine 

1980 

Winter 

1-hour 

3.0 

1.3 

2.2 

1.3 

0.2 

0.3 

8-hour 

1.3 

1.3 

1.2 

1.3 

Spring 

1-hour 

0.8 

1.0 

0.7 

0.9 

0.1 

0.2 

8-hour 

0.7 

0.9 

0.5 

0.8 

Summer 

1-hour 

3.0 

2.5 

2.7 

1.9 

0.1 

0.5 

8-hour 

1.8 

1.4 

1.7 

1.4 

Fall 

1-hour 

1.2 

2.3 

1.2 

1.7 

0.2 

0.7 

8-hour 

0.7 

1.5 

0.6 

1.4 

, 
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(one-hour)  and  10  mg/m3  (eight-hour).  The  apparent  increase  is  attributed 
to  the  sensitivity  of  the  new  instrument,  which  was  installed  on  6  May.  The 
new  instrument  is  less  sensitive  than  the  old  one  but  is  an  EPA-recommended 
instrument,  whereas  the  old  one  was  not. 

The  normal  background  level  is  0.5  mg/m^  and  practically  all  the 
readings  fall  around  or  below  this  value.  No  diurnal  or  seasonal  variations 
are  observed  in  the  CO  levels.  Readings  are  generally  near  the  detection 
limit  of  the  instrument,  0.1  mg/m^. 

3.  Nitrogen  Dioxide  (NO?) 

Of  the  nitrogen  oxides,  only  NO2  has  a  national  ambient  air  quality 
standard  (annual  average  of  100  ug/m^).  Table  4.2-7  shows  the  seasonal 
highest,  second  highest,  and  seasonal  averages  for  both  the  baseline  period 
and  1980.  The  California  standard  (for  reference)  is  a  one-hour  average  of 
470  ug/m3.  This  table  also  shows  the  annual  averages.  Again,  high  levels 
of  activity  on  the  tracts  during  the  first  part  of  the  Baseline  Program 
could  have  produced  the  high  one-hour  values  of  100  ug/m^. 

The  precision  of  the  instrument  is  around  12  ^ig/m^  and  readings  are 
generally  below  this  value  and  near  the  lower  detection  limit  of  this 
instrument  (5  jug/m^).  The  highest  one-hour  value  during  1980  was  21 
jug/m^  recorded  during  winter.  The  second  highest  value  of  19  jug/m^  was 
recorded  during  spring. 

4.  Sulfur  Dioxide,  SO? 

Table  4.2-8  compares  the  1980  and  baseline  period  highest,  second  high- 
est, and  seasonal  averages  of  both  the  three-hour  and  24-hour  readings  of 
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TABLE  4.2-7.   Comparisons  of  the  seasonal  highest  and  second  highest  one-hour 
NOo  concentrations  («g/m  )  as  well  as  the  seasonal  averages 
at  Site  A6  for  the  baseline  period  (1975-1976)  and  1980. 


Season 

Peak 
Concentration 

Second  Highest 
Concentration 

Seasonal 
Average 

Baseline 

1980 

Baseline 

1980 

Basel ine 

1980 

Winter 

20 

21 

20 

17 

2 

1 

Spring 

20 

19 

20 

19 

2 

2 

Summer 

100 

9 

90 

9 

12 

2 

Fall 

100 

13 

80 

13 

5 

1 

Annual 

100 

21 

90 

19 

5 

2 
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TABLE  4.2-8. 


Comparisons  of  the  seasonal  highest  and  second  highest  3-hourly 
and  24-hourly-averaged  S0?  concentrations  (/'g/m  ),  as  well 
as  the  seasonal  averages  at  Site  A6  during  the  baseline  period 
(1975-1976)  and  1980. 


Season 

Averaging 
Time 

Peak 
Concentration 

Second  Highest 
Concentration 

— 

Seasonal 
Average 

Baseline 

1980 

Baseline 

1980 

Baseline 

1980 

Winter 

3-hour 

10 

13 

5 

10 

1 

2 

24-hour 

5 

9 

5 

8 

1 

2 

Spring 

3-hour 

10 

16 

10 

16 

1 

1 

24-hour 

5 

4 

5 

4 

1 

1 

Summer 

3-hour 

10 

10 

10 

8 

3 

• 

24-hour 

5 

3 

5 

2 

3 

* 

Fall 

3-hour 

5 

13 

5 

13 

1 

2 

24-hour 

5 

5 

5 

5 

1 

2 

*Less  than  1 
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SCL.  No  seasonal  or  diurnal  trend  is  evident  and  most  values  are  near  the 

3 
detection  limit  of  the  instrument  25  ^g/m  .  The  highest  three-hour  SCL  read- 

3 
ing  of  16  //g/m  was  recorded  during  the  spring  of  1980.  The  standard  for 

3 
a  three-hour  averaging  time  is  1,300  //g/m  .  The  highest  24-hour  S0?  reading 

3 
is  9  //g/m  ,  recorded  during  the  winter.  Again,  this  reading  is  well  below 

3 
the  24-hour  standard  of  365  //g/m  .  The  annual  average  on  the  tracts  is  from 

3        3  3 

1  //g/m  to  2  fig/m     as  compared  to  the  annual  standard  of  80  //g/m  . 


5.  Hydrogen  Sulfide  (H?S) 

Measurements  of  H?S  were  discontinued  after  January  1980.  There  are 

no  federal  standards  for  H?S,  and  most  readings  are  below  the  detection  limit 

3 
of  10  />g/m  (8  ppb)  of  the  instrument.  During  the  initial  time  of  the  base- 
line period  some  values  were  higher,  probably  locally-induced  by  tract  activ- 

3 
ity.  No  diurnal  or  seasonal  trends  are  evident.  The  highest  value  of  30  //g/m 

was  recorded  at  the  beginning  of  the  baseline  period  when  tract  activity  was 

high. 

6.  Non-Methane  Hydrocarbon  (NMHC) 

Hydrocarbon  measurements  were  also  discontinued  6  May  1980.  The  preci- 
sion of  the  Beckman  Instruments'  gas  chromatograph  used  for  the  analysis  of 

3 
hydrocarbons  is  0.1  ppm  (65  //g/m  )  for  THC  (total  hydrocarbons)  and  0.1  ppm 

for  CH,  (methane).  To  obtain  NMHC,  the  CH,  reading  was  subtracted  from  the 

3 
THC  reading.  This  compounded  an  error  to  about  0.2  ppm  (130  //g/m  ),  and  consider- 
ably larger  errors  were  possible  on  a  sample-to-sample  basis.  Since  the  NMHC 

3  .  . 

standard  is  160  //g/m  ,  even  if  perfectly  calibrated  the  instrument's  precision 

is  inconsistent  with  the  standard. 
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However,  the  EPA  prescribed  reference  method  for  measuring  non-methane 
hydrocarbons  is  by  flame  ionization  detection  and  gas  chromatography, 
exactly  as  used  in  the  Beckman  instrument,  and  the  measurement  procedures 
used  during  the  program  were  the  best  available.  This  inconsistency  between 
the  ambient  air  quality  stadard  and  the  instrumentation  technique  is 
recognized  by  the  EPA.   In  early  1978,  the  EPA  issued  a  letter  to  discourage 
monitoring  NMHC  on  oil  shale  lease  tracts.  Following  EPA's  suggestion,  and 
with  the  approval  of  the  Area  Oil  Shale  Supervisor,  total  hydrocarbons  (THC) 
and  methane  (CH4)  were  no  longer  monitored  during  1980. 

Total  Suspended  Particulate  (TSP) 

Particulate  concentrations  are  monitored  at  Site  A6  only  using  high 
volume  samplers  which  sample  over  a  period  of  24  hours  once  every  six  days. 
The  size  of  the  particulate  matter  collected  by  the  samplers  ranges  from 
below  1  jum  to  100  jum.  Beginning  16  January  1980,  two  TSP  samplers  operated 
at  Site  A6,  one  designated  a  col  locator. 

The  col  locator  was  established  to  allow  the  determination  of  the 
precision  of  the  TSP  data.  The  accuracy  of  the  data  was  determined  through 
periodic  audits.  Standard  procedures  for  calculating  the  precision  and 
accuracy  are  detailed  in  the  PSD  guidelines  Sections  6.3.2.1  and  6.3.2.2 
(U.S.  EPA,  1978).  They  also  appear  in  44  Federal  Register  27477  (May 
1979). 

Table  4.2-9  shows  the  computed  precision  and  accuracy  of  the  TSP  samples 
during  days  when  both  samplers  were  operating.  This  table  includes  only  those 
days  when  both  samplers  were  operating  simultaneously  for  24  hours.  The  wide 
range  of  the  95%  confidence  limits  during  the  January-March  quarter  is  attri- 
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TABLE  4.2-9.   Precision  of  the  TSP  samplers  at  Site  A6  during  1980. 


No.  of 

Precision 

No.  of  SampJes 
<20  ^g/m"3 

95%  Confidence  Limit 

Reporting  Period 

Samples 

Lower  {%) 

Upper  (%) 

Jan-Mar 

10 

10 

-58 

+61 

Apr-Jun 

9 

2 

-33 

+36 

Jul-Sep 

16 

2 

-9 

+12 

Oct-Dec 

12 

5 

-6 

+18 
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3 
buted  to  the  low  concentrations  recorded.  A  difference  in  1  //g/m  at  values 

3 
less  than  20  //g/m  are  significant,  whereas  at  higher  values,  the  percent 

difference  would  not  be  as  significant.  Several  incomplete  samples  of  the 
collocator  during  the  spring  months  were  not  included  in  the  precision  computa- 
tions. Three  internal  audits  for  accuracy  (25  March,  19  June,  and  4  December, 
1980)  showed  good  correlations  between  the  two  samplers.  The  lower  and  upper 
confidence  limits  for  19  June  was  -8%  and  12%.  The  4  December  values  were 
-6%  and  10%. 

Table  4.2-10  gives  the  geometric  mean,  standard  geometric  deviation, 

3 
maximum  and  minimum  of  the  total  suspended  particulate  concentrations  in  ^g/m 

at  Site  A6.  The  baseline  period  and  1980  are  shown  by  season. 

The  geometric  mean  given  can  be  considered  to  correspond  to  the  concentra- 
tion expected  at  a  50%  frequency  because  particulate  concentrations  are  gener- 
ally lognormally  distributed.  The  geometric  mean  particulate  concentration 

3  3 

during  1980  ranged  from  9.3  ^g/m  during  the  winter  months  to  37.2  vq/m     dur- 
ing the  fall. 

None  of  the  recorded  values  exceeded  national  or  state  standards,  which 

are  given  in  Table  4.2-11.  The  most  stringent  short-term  standard  is  the 

3 
National  Secondary  Standard,  which  sets  the  upper  limit  at  150  /ug/m  ,  averaged 

over  24  hours;  this  is  not  to  be  exceeded  more  than  once  a  year. 


4.2.1.3   Background  Averages.  Table  4.2-12  gives  the  annual  averages 
for  the  pollutants  monitored  on  the  tracts  from  1975  through  1980.  Generally, 
the  values  were  slightly  lower  during  the  last  four  years.  The  values  recorded 
during  the  interim  period  are  more  representative  of  true  background  condi- 
tions since  during  this  time  activities  on  the  tracts  were  at  a  minimum. 
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TABLE  4.2-10. 


Geometric  means,  standard  geometric  deviations,  and 
maximum  and  minimum  particulate  concentrations  (/ug/m  ) 
for  baseline  period  (1975,  1976)  and  interim  period 
(1979)  at  Site  A6. 


1980 

Season 

Baseline 

Site  A6 

Geometric  Mean 

Winter 

14.2* 

9.3 

Spring 

17.2 

15.5 

Summer 

37.0 

27.9 

Fall 

27.2 

37.2 

Standard 

Winter 

2.6* 

2.1 

Geometric 

Spring 

1.9 

2.4 

Deviation 

Summer 

1.4 

1.5 

Fall 

2.0 

2.0 

Maximum 

Winter 

51.9* 

34.2 

Spring 

42.0 

64.6 

Summer 

74.7 

41.3 

Fall 

101.2 

127.0 

Minimum 

Winter 

3.5* 

1.6 

Spring 

4.9 

2.2 

Summer 

18.7 

9.9 

Fall 

4.9 

7.6 

Geometric  Mean 

Annual 

24.0 

19.6 

Standard 

Annual 

2.5 

2.4 

Geometric 

Deviation 

*1976  only,  insufficient  data  for  1975, 
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TABLE  4.2-11. 


National  and  Utah  state  ambient  air  quality 
standards  for  particulate  matter  (^g/m  ). 


Pollutant 

Averaging 
Time 

Standards 

Primary 

Secondary 

Suspended 

Particulate 

Matter 

Annual  Geometric 
Mean 

24- hour 

75 
260 

60 
150 
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TABU"  4.2-12. 


The  annual  averages  (^g/m  )  for  the  gaseous  pollutants  and 
annual  geometric  mean  for  TSP  during  the  entire  period  of 
monitoring. 


Pollutant 

Annual  Averages 

Base 

line 

Interim 

1975 

1976 

1977 

1978 

1979 

1980 

°3 

70 

63 

61 

72 

73 

69 

CO  (mg/m3) 

.2 

.1 

.2 

.1 

.1 

.4 

N02 

5 

5 

0 

1 

1 

2 

so2 

3 

0 

1 

3 

0 

1 

TSP 

24.5 

23.5 

22.2 

15.0 

12.5 

19.6 
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The  changes  in  the  annual  geometric  means  for  TSP  during  the  past  six 
years  seem  to  be  related  to  the  changes  in  annual  average  wind  speeds  on  the 
tracts  at  Site  A6.  The  annual  average  wind  speeds  from  1975  through  1980 
were  4.0,  4.2,  3.1,  2.8,  2.9,  and  3.1  m/s,  respectively. 

4.2.2    Meteorological  Monitoring  Program 

Meteorological  monitoring  equipment  at  the  four  sites  during  1980  has 
remained  identical  to  that  used  during  the  two-year  baseline  period. 

The  objectives  of  continuing  the  meteorological  measurements  in  the  Interim 
Monitoring  Program  are  to  extend  the  meteorological  data  base,  determine  and 
to  verify  baseline  data  for  future  air  pollutant  dispersion  modeling  work. 

The  meteorological  parameters  monitored  are  shown  in  Table  4.2-13.  Meteor- 
ological data  are  collected  continuously  and  recorded  on  digital  punch  tapes 
every  six  minutes.  Strip  charts  are  also  used  at  Sites  A4  and  A6  for  backup 
records. 

Table  4.2-14  lists  the  meteorological  monitoring  equipment  used.  Table 
4.2-15  lists  the  percentages  of  hours  each  meteorological  parameter  was  moni- 
tored. 

4.2.2.1   Quality  Assurance  Program.  In  accordance  with  the  Quality 
Assurance  Plan  (AeroVironment  Inc.,  1981)  the  quality  assurance  procedures 
for  meteorological  instruments  were  followed  during  this  period.  For  some 
meteorological  instruments,  off-site  calibration  is  done  annually  and  calibra- 
tions checked  quarterly. 
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TABLE  4.2-13.   Meteorological  parameters  monitored  during  1980. 


Parameter 

Station 

A4 

A6 

All 

A13 

Meteorology 

WS/WD  -  10  m 

X 

X 

X 

X 

WS/WD  -  20  m 

X 

■ 

WS/WD  -  30  m 

X 

T  -  10  m 

X 

X 

X 

X 

T  -  30  m 

X 

AT  -  10-30  m 

X 

"q   -  10  m 

X 

Qq   -  30  m 

X 

a,,  -  10  m 
w 

X 

a,,  -  30  m 
w 

X 

Net  thermal  radiation 

X 

Dew  point 

X 

Relative  humidity 

X 

Barometric  pressure 

X 
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TABLE  4.2-15.  Percentage  of  time  monitoring  was  performed 
for  meteorological  parameters  during  period 
1  January  -  31  December  1979. 


Number  of 

Component 

Stations 

Percentage 

Wind  (10m) 

4 

100 

Wind  (20m) 

1 

100 

Wind  (30m) 

1 

100 

Temperature  (10m) 

4 

100 

Temperature  (30  m) 

1 

100 

ATemperature  (30-10m) 

1 

100 

Dew  Point  (10m) 

1 

56 

Sigma  Theta 

2 

100 

Sigma  W 

2 

100 

Net  Thermal  Radiation 

1 

100 

Barometric  Pressure 

1 

100 
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4.2.2.2   Climatic  Regimes.  Before  discussing  the  details  of  the  trans- 
port and  dispersion  characteristics  of  the  atmosphere  over  the  Ua-Ub  tracts, 
it  would  be  appropriate  to  summarize  the  major  weather  systems  that  affect 
the  large  scale  movement  of  air  masses  over  the  area. 

The  horizontal  transport  of  an  air  mass  is  a  consequence  of  large-scale 
differences  in  air  pressure.  The  factor  determining  Utah's  weather  during 
the  winter  months  is  the  location  and  strength  of  the  Intermountain  Region 
High  Pressure  Cell.  Figure  4.2-6a  shows  the  normal  January  sea  level  pressure 
and  temperature.  Storm  tracks  during  mid-winter  tend  to  pass  north  through 
Montana  and  through  southern  Utah.  After  February,  storm  tracks  are  more 
prevalent  over  northern  Utah  as  the  strength  of  the  Basin  High  wanes.  Precipi- 
tation is  highest  during  the  spring  months. 

During  the  summer  months  (Figure  4.2-6b),  the  pressure  is  lower  and  spor- 
adic moisture  from  the  Gulf  of  Mexico  brings  periods  of  scattered  thundershowers 
Beginning  September,  the  storm  fronts  from  the  north  increase  but  are  inter- 
spersed with  many  periods  of  clear  weather  when  high  pressure  builds  up  in 
the  Intermountain  Basin. 

Synoptic  Summary  -  1980 

A  synoptic  summary  of  1980  meteorological  data  is  compared  to  the  five- 
year  means  at  Site  A6  in  Table  4.2-16.  The  January  through  March  period  showed 
lower  pressure  values,  higher  than  normal  temperatures,  along  with  lower  wind 
speeds  on  the  tracts.  The  average  pressure  patterns  over  Utah  were  similar 
to  that  shown  in  Figure  4.2-6a.  During  April,  a  blocking  high  pressure  system 
dominated  the  Great  Basin.  Pressure  was  2  mm  of  Hg  higher  than  the  previous 
five  Aprils. 
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TABLE  4.2-16.  Difference  of  1980  meteorological  parameters  with 
long-term  (1975-1979)  averages  at  Site  A6. 


Month 

Barometric  Pre 
(mm  of  Hg 

ssure 
I 

Tempt 

jrature 

(°0 

Wine 

1  Speeds 

;  (m/s) 

1975- 
1979 

1980 

Diff. 

1975- 
1979 

1980 

Diff. 

1975- 
1979 

1980 

Diff. 

J 

633.0 

631 

-2.0 

-8.2 

-5 

+3.2 

2.1 

2.2 

+0.1 

F 

633.8 

632 

-1.8 

-4.2 

-3 

+1.2 

2.7 

2.0 

-0.7 

M 

628.8 

628 

-0.8 

1.4 

2 

+0.6 

3.5 

3.1 

-0.4 

A 

628.6 

631 

+2.4 

8.0 

8 

0 

4.2 

3.6 

-0.6 

M 

628.2 

628 

-0.2 

12.8 

12 

-0.8 

4.4 

3.6 

-0.8 

J 

630.0 

630 

0 

20.0 

21 

+1.0 

4.6 

4.5 

-0.1 

J 

630.0 

632 

+2.0 

23.8 

24 

+0.2 

3.5 

3.6 

+0.1 

A 

631.2 

630 

-1.2 

21.2 

21 

-0.2 

3.7 

3.8 

+0.1 

S 

631.8 

632 

+0.2 

17.0 

17 

0 

3.3 

3.1 

-0.2 

0 

633.8 

633 

-0.8 

9.8 

9 

-0.8 

3.2 

2.7 

-0.5 

N 

633.0 

634 

+1.0 

-0.4 

2 

+2.6 

2.8 

2.4 

-0.4 

D 

633.0 

635 

+2.0 

-7.0 

0 

+7.0 

2.2 

2.2 

0 

Annual 

631.2 

631.3 

+0.1 

+7.9 

+9.0 

+1.1 

3.4 

3.1 

-0.3 

Decimal  places  in  barometric  pressure  and  temperature  are  a  result  of  averaging, 
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May  was  wet  and  almost  1  C  cooler  than  normal  and  June  was  dry  and  hotter 
than  usual.  The  February  through  June  period  recorded  lower  than  normal  wind 
speeds  at  Site  A6. 

The  pressure  pattern  for  the  summer  months  were  somewhat  similar  to  Figure 
4.2-6b  except  that  the  high  pressure  center  was  closer  to  Utah.  There  were 
several  periods  of  thunder  storm  activity  during  July  and  August. 

The  basin  high  pressure  system  built  up  faster  than  usual  during  September 
and  early  October,  but  the  center  of  the  highest  pressure  was  further  west. 
Soon  after  the  first  of  October  increasing  frequency  of  storm  fronts  brought 
cooler  temperatures.  By  December,  the  basin  high  pressure  became  almost  perma- 
nent, with  temperatures  7  C  above  the  five-year  normal  on  the  tracts. 

4.2.2.3  Meteorological  Data  Summary.  The  meteorological  data  for  1980 
are  presented  below  and  compared  quantitatively  with  the  Baseline  (1975-1976) 
Program  data  to  determine  any  significant  changes. 

During  an  internal  audit  early  in  1981,  it  was  determined  that  the  10  m 
wind  direction  sensor  at  Site  A6  had  been  off  by  about  30  since  1975.  Appar- 
ently, in  December  1975  the  crossarm  assembly  was  removed  from  the  tower  for 
repairs  and  during  reinstallation,  the  correction  for  magnetic  declination 
of  the  wind  direction  sensor  was  inadvertently  set  for  15  west  rather  than 
15  east.  The  data  presented  in  this  report  reflect  the  correction.  Whereas 
in  previous  reports,  the  prevailing  10  m  wind  direction  at  Site  A6  was  stated 
as  from  the  southeast  by  east,  in  reality,  the  prevailing  wind  was  from  the 
southeast  by  south  as  pointed  out  in  this  report.  Raw  data  reports  for  previous 
years  will  be  revised  accordingly. 
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Because  of  this  discovery,  an  intensive  audit  was  conducted  of  all  other 
meteorological  equipment.   It  was  found  that  the  sigma-theta  processors  had 
not  been  calibrated  properly.  All  other  equipment  had  been  recording  the 
data  accurately  and  precisely.  Ever  since  the  sigma  processors  were  installed 
in  1974-75,  AV  had  relied  on  their  manufacturer  (Meteorological  Research  Inc.) 
to  provide  the  circuit  cards  in  properly  calibrated  form.  During  the  audit 
in  early  1981,  AV  technicians  calibrated  the  sigma  processors  with  test  equip- 
ment provided  by  AV  and  found  a  discrepancy  in  the  signal  output.  AV  approached 
the  manufacturer  with  this  issue  and  after  a  thorough  investigation,  it  was 
determined  that  the  sigma  processors  had  been  improperly  calibrated.  The 
error  in  the  calibration  procedure  was  not  discovered  by  the  manufacturer 
until  1977-78  and  customers  were  never  notified  of  the  error. 

As  a  result  of  the  corrections  applied  to  the  sigma  theta  data,  the  actual 
atmospheric  stability  conditions  on  the  tracts  should  be  more  unstable  than 
have  been  reported  previously.  The  discussions  in  this  report  are  based  on 
the  corrected  data. 

Surface  Flow 

As  usual,  the  rugged  terrain  features  in  the  area  complicated  the  airflow 
pattern.  Table  4.2-17  shows  the  prevailing  direction  and  speed  by  month  for 
four  wind  sites.  Spatial  variation  in  wind  speed  on  the  tracts  was  also  observed 
through  the  baseline  period.  Generally,  nighttime  drainage  flow  is  prevalent 
throughout  the  year.  Figure  4.2-7  shows  the  typical  airflow  streamlines  for 
the  early  morning  drainage  pattern.  The  solid  arrows  on  this  figure  are  wind 
vectors  at  the  monitoring  sites,  and  the  longer  lines  are  estimated  flow  stream- 
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TABLE  4.2-17.  Prevailing  wind  direction/speed  (in  m/s)  on  the 
tracts  during  1980. 


Month 

s- 

te 

A4 

A6 

All 

A13 

Jan 

W/2.5 

W/2.2 

NW/2.2 

WNW/1.8 

Feb 

W/2.2 

SE/2.0 

NW/2.0 

WNW/1.3 

Mar 

W/3.1 

SSE/3.1 

SE/3.1 

SE/2.4 

Apr 

SE/3.4 

SE/3.6 

SE/3.4 

WNW/2.7 

May 

S/3.8 

SSE/3.6 

SSE/3.1 

SE/2.7 

Jun  „ 

S/4.5 

SSE/4.5 

S/4.0 

S/3.4 

Jul 

WNW/3.1 

SSE/3.6 

SE/3.4 

SE/2.7 

Aug 

WNW/3.6 

SSE/3.8 

SE/3.6 

SE/2.9 

Sep 

WNW/2.9 

SSE/3.1 

SE/3.1 

SE/2.2 

Oct 

W/2.4 

SE/2.7 

SE/2.7 

SE/1.6 

Nov 

W/2.4 

SE/2.4 

SE/2.2 

SSE/1.3 

Dec 

W/2.0 

SE/2.2 

SE/2.2 

SSE/1.3 

Annual 

W/3.0 

SSE/3.1 

SE/2.9 

SE/2.2 
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lines.  The  large  open  arrow  depicts  the  mesoscale  flow  direction  in  the  greater 
White  River  drainage  basin.  The  drainage  pattern  does  not  deviate  signifi- 
cantly throughout  the  year.  This  figure  was  prepared  from  averaged  wind  obser- 
vations in  1980  at  the  four  wind  sites,  plus  knowledge  of  the  wind  flow  pattern 
as  presented  in  reports  prepared  for  the  baseline  period.  The  drainage  flow 
is  always  from  higher  to  lower  terrain,  as  noted  during  the  baseline  period. 

Figure  4.2-8  shows  an  upslope  pattern  that  is  transitional  between  drain- 
age and  synoptic  flow.  The  surface-based  inversion  that  results  from  strong 
radiative  cooling  begins  to  lose  some  of  its  strength  shortly  after  sunrise. 
As  the  morning  progresses,  the  heat  gained  by  the  surface  from  solar  radiation 
exceeds  that  lost  by  terrestrial  radiation  and  the  soil  temperature  rises, 
warming  the  air  above.  This  creates  a  pressure  difference  resulting  in  upslope 
flow.  This  pattern  is  transitional  and  generally  lasts  less  than  an  hour, 
but  is  important  in  understanding  pollutant  dispersion  since  plume  fumigation 
would  occur  under  this  condition.  Because  of  its  brevity,  this  pattern  is 
lost  in  the  hourly-average  wind  direction.  This  pattern  begins  earlier  during 
the  summer  months  than  during  the  winter  when  the  sun  rises  later. 

Figure  4.2-9  shows  afternoon  streamlines  on  the  tracts  during  1980. 
Very  little  directional  difference  is  noted  except  the  average  speeds  are 
higher  during  the  summer.  No  significant  difference  from  the  baseline  period 
is  noted.  This  is  the  average  synoptical ly-induced  flow  encountered  in  this 
portion  of  Utah  throughout  the  year. 

Figure  4.2-10  shows  the  separation  between  the  drainage  flow  during  the 
nighttime  with  that  of  synoptic  flow  during  the  daytime  in  1980  at  Site  A6. 
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Figures  4.2-11  and  4.2-12  give  the  average  hourly  wind  speeds  for  January 
and  July  1980.  January  1980  wind  speeds  are  lower  than  the  baseline  averages. 
The  July  diurnal  wind  speeds  are  practically  the  same  as  the  baseline  averages. 

Figures  4.2-13  through  4.2-17  show  the  directional  wind  roses  at  the 
monitoring  stations  on  the  tracts  using  the  mid-month  of  the  four  seasons 
(January,  April,  July,  and  October  1980).  Although  individual  months  may 
show  different  prevailing  directions,  SSE  and  SE  has  been  the  most  prevalent 
direction  at  Site  A6  throughout  the  baseline  and  interim  periods.  The  fre- 
quent occurrence  of  this  wind  direction  is  a  direct  result  of  the  drainage 
flow  at  Site  A6. 

Temperature 

Figure  4.2-17  shows  the  diurnal  variation  in  temperature  and  standard 
deviation  for  January  and  July  1980  at  Site  A6.  Superimposed  on  this  for 
comparison  are  the  average  baseline  values.  The  daily  maximum  temperature 
was  generally  observed  between  1400  and  1600  MST,  while  the  daily  minimum 
was  observed  between  0400  and  0700  MST.  The  average  temperatures  are  -5°  C 
for  January  1980  and  24°  C  for  July  1980.  These  are  shown  on  Figure  4.2-18 
along  with  the  maximum,  mean  and  minimum  for  each  month  in  1980  as  compared 
to  the  maximum,  mean  and  minimum  for  the  baseline  period.  During  the  entire 
monitoring  period,  the  highest  July  temperature  observed  was  36  C  during 
July  1976  and  August  1979;  the  lowest  temperature  observed  was  -30°  C  during 
January  1979. 


4.2-42 


Ol 

u 

Q. 


c 

(T3 

<D 

ID 

C 

+ 

Mean 

•rm 

CD 

00 
CO 

C 

c 

c 

O 

i- 

3 
O 


o 

00 


C 
C7> 


i- 
3 

■a 

CO 

c 
o 

+■> 

1T3 

•r— 

> 

•a 

■a 

t- 
«j 
•a 
c 
ra 

-t-> 
en 

5- 

■r— 

1J 


■o 

c 

IT3 
00 

■a 

<D 

ai 

Q.     • 
CO   VO 

c   ai 

•1-    -M 
S   -r- 

c 

a;   (a 

E 

CO 

<4-      C 

o  «o 

§ e 

•r-  a; 
+■»   c 

s-  'aj 

(O     CO 

>   «a 

-O. 

c  x: 

J-     -M 

•1-    O 

a  4-> 


vo 


C\J 


(s/iu)  pa9ds  puiM 


I 


4.2-43 


1 

? 

•2 


CO 


c 

C 

TCI 

id 

O) 

(U 

SI 

+ 

2:     1 

O) 

c 

•r- 

r— 

0)        1 

3 

CO         ( 

30 

TCI        ( 

T> 

CO         , 

—4 

1 

> 

CM 


CM 
CM 


O 

CM 


CM 


c 

o 

o    2: 


CO 

o 


CO 

o 


o 


CM 

o 


o 
o 


-a 
a> 

s- 

TCI 

Q. 
E 
O 
O 

o 

CO 


3 

en 

c 

S_ 
=J 

•a 

00 

c 
o 


TCI 

> 
CI) 
•O 

TD 

i_ 
TCI 

t3 

C 

<a 
to 

i_ 

QJ 


■a 

c 

(0 

to 

■0 

CD 

a) 

o_  • 
coco 

< 
■0 

c  a; 
•1-  +j 
s<- 

00 
c 

tci  4-> 
cu  tci 
E 

CO 

c»-  C 
O  "3 
CD 
c  E 
O 
•r-   CU 

4->  C 
A3  -r- 

£'aj 

TCI    CO 

>  <o 

c  _e 
s-  ■»-> 

•1-   o 


CO 


CO 


CM 


(s/ui)  peads  piUM 


CVI 


I 

CM 


c£ 

ID 
C3 


4.2-44 


(N. 


SZ  </> 
4->  ■»-> 

o>c 

C  -r- 
<U  O 
r-    Q. 

sz  <o 
H--Q 

<u 

•  SZ 
O-M 
00 

t-t  u 

>>.c 

id 

Z3   «/> 
C"0 

J_   O 
O  ■»-> 

C 
t/>  O 
■M  ■«- 
U  ■♦-> 

«o  U 

i-    <D 

a; -a 

SZ 


V)  o 

C   l_ 
0<4- 

+->  </> 
«dTJ 

-M    C 

2 
o> 

-r-    O 

o  >> 

4->    (J 

•r-  c 

c  a> 

O   3 

E  cr 
a) 

O)    5- 
■M 

<u 

«/>  t/> 
</l  c 

o  <u 

i-   CO 
0J 

-a  $_ 

c  a. 

•r-  a> 

5  u 

i—    J_ 
fT3   (O 

Ci3 
O 

■t-  SZ 

+■>  u 

u  *a 

0)  <u 

i- 

•r-«4- 
O    O 


.      *> 


CO 


I 


ZO 
CD 


Oj 


4.2-45 


in 


to 
+-> 

-C  c 
+->-r- 
CTO 
C  Q. 
OJ 
«—   i_ 

CUjQ 
-£Z 
I—  <D 


0£ 

oo  u 
ov<- 
t— i.c 

•i-  v) 
s--a 

Q-S- 
<C  fO 

S-  o 
0+-> 

<*- 

c 

oo  o 
-Mt- 
O-M 
(T3   (J 

s-  aj 
+->  $- 

oj-5 

-t->  CD 
C-t-> 

o 

E 
co  o 

C   i- 

o<+- 

4->    CO 

+J  C 
00 -r- 

CD 
£=<*- 
•r-    O 

j_ 
o  >> 

4->    O 

■r-  c 
c  cu 

O   3 

E  cr 

a>  s_ 

+j 
aj 

4->-C 
(O  +J 

oo  oo 

CD  -t-> 
00  c 
O  O) 
i-  oo 

a> 

■O  i- 
C  Q. 
•i-  CU 

S  S- 

r—   S- 

(T3  ro 

o 

•i-  .c 
+->  o 
o  <o 

CD    CD 

i- 

•p-o>_ 
Q  O 


(#> 


I 
C\J 


CD 


Oj 


4.2-46 


in 


<*> 


CO 


4->    O 

o>  CX 

e 
a)  i_ 

r—    «3 

-C    0) 


o  u 

C0-»- 

i-l   2 
>>  i/i 

i—  -a 

<-3  m 

S. 

S-  o 

O  -!-> 

l+- 

c 

co  o 

«o  o 

S-  oj 

oj-S 

sz 
o 

co  O 
on- 

4->    CO 

4->   C 

CO  T- 

•i-    O 

s_ 

o  >> 
•+-»   o 

•r-    C 

C  0) 
O    =1 

E  cr 

OJ 
OJ   J_ 


OJ 

4->  x: 

CO  CO 

OJ  +-> 

CO  c 

o  OJ 

S_  co 
OJ 

T3  S_ 

c  a. 

•i-   OJ 
2   J- 

<—   i_ 
<T3    fO 

C  -Q 

O 

•i-  -C 
4->    U 

U   «3 

OJ   OJ 

Q   O 


LO 


I 


4.2-47 


in 

(N. 


-C     00 

■M  +J 
0>C 
C  -r- 
QJ   O 

.—    Q. 

<U    S- 

(— -Q 

0) 

•  .c 
o  ■*-> 
00 
CT>-C 

i— 1  u 

s-.e 

QJ   2 

.a 

o  00 
O   S_ 

o  *a 
s-  o 

O  -M 

4- 

c 

00    O 

+-» -I- 

U  +J 

s-  <v 

4->  $- 

<d  -a 

JZ 

+->  a; 


(/)  o 

c  s_ 

4->    00 

+->  c 

I/)    •!- 

2 

CD 

•r-    O 

S- 
o  2^ 

4->  O 
•<-    C 

c  dj 

O  3 
E  cr 
a> 
a;  s- 
.ch- 
+j 
oj 

<o  -t-> 

00    00 

a)  -m 

00    c 

o  a> 

1-    00 

■a  s_ 

c  a. 

.,-  aj 

2  s- 

«—  s- 

fO  «3 
C  JQ 
O 

•r-  .c 
-M  u 
O  «3 
<1J  CD 
i- 

•r-  H- 
Q   O 


<#> 


^D 


l 
CVJ 


OH 
CD 


oj 


4.2-48 


0) 


c 


<u      o 

C  CO 
•r-  Q> 
r—  ,-4 

CO 

</> 

id 

CO 


1     III 

/ 

1     1 

1     / 

\ 

s. 

3 
C 

m 

•"3 

r 

(     1 

c 

1 

,.  -i 

rii    i 

^V 

\ 

1    \ 

1     \ 

/ 

j 

/ 

' 

1 

1 

CM 


CM 
CVJ 


.  o 

CVJ 


.  °o 


.    ^5 


cvj 


CO 

o 


o 


o 


CVJ 

o 


o 
o 


o 

UD 


CM 


CO 


CM 


CO 


CM 


VO 
I 


CM 

CM 

I 


o 

CO 

I 


T3 
<D 
t- 
«3 
Ql 
E 
o 
u 

to 

c 
o 


> 

a) 

•a 

s_ 

■a 

c 

+J 

00 


(3  )  aan^Baadurai 


JC  o 

+■>  CO 

en 

■D  ,— I 

c 

l- 

«  >> 

3 

r- 

O 

CO     3 

3: 

<1)    r-3 

S- 

3  -a 

•4->    c 

(O    ra 

s_ 

O)    >> 

Q.  i_ 

E    « 

CJ     3 

■M    C 

«3 

C  «"3 

(O 

cu  a> 

E    C 

•r— 

i+-   s_ 

O    3 

-a 

c 

o  «o 

•i-  <c 

+J 

«3  a> 

•i-   4_> 

S_  -r- 

ro  OO 

> 

+J 

1—  HJ 

ra 

C     CO 

s-  c 

3     T3 

•r-     CU 

a  E 

r^. 

i—t 

CM 

*r 

LU 

cc 

■=> 

o 

4.2-49 


I    I 


I    I 


t — r 

e 
e 

/ 


u 


/  / 
t 


if 


CD 

C 


CO 


Ui 


/ 


/ 


/ 


I  r 


I 

t 


.< 


5  i 


3      / 
E   /  ; 


L     . 


I.  \ 

A 


•\ 


v. 


l\ 


■  s 


I    , 

i 


1 


! 
! 


!. 


i  • 
•  i 


V 


o 


5 


1 


'I 


H  n 


IS 


'i   \ 


'<  I 


'Mi 


c 
o 


•a 

Q. 


O 
CO 

cr> 


c 
s. 
-o 

< 

•I"" 

<a 

00 

CD 
£_ 
3 
<M 
(T3 
i_ 
CD 
Q. 
E 
CD 

E 

3 


c 
E 

c 


c 

(0 

cu 


'  3 
E 

X 

E 

>> 

.c 
+■> 
c 
o 


"    CO 

:   i— t 
i 

CM 


(30)  9un^ejadu©x 


*J 


LU 


4.2-50 


Relative  Humidity 

The  diurnal  variation  of  relative  humidity  is  approximately  the  recip- 
rocal of  temperature,  indicating  that  the  amount  of  moisture  in  the  air  remains 
fairly  constant  during  the  day  on  the  tracts.  Table  4.2-18  shows  the  seasonal 
distribution  of  relative  humidity  at  0500,  1100,  1700,  and  2300  hours.  These 
correspond  to  the  reporting  times  of  the  National  Weather  Service.  The  stormi- 
ness  of  the  winter  months,  with  associated  moisture,  is  reflected  by  the  high 
relative  humidity  values  compared  to  the  summer  months.  The  air  is  drier 
in  summer  than  in  the  winter.  The  highest  average  readings  are  found  in  the 
early  morning.  The  lowest  values  are  found  during  summer  afternoons  between 
1400  and  1600  MST. 

Barometric  Pressure 

Figure  4.2-19  gives  the  mean  monthly  barometric  pressure  as  well  as  the 
maximum  and  minimum  monthly  barometric  pressure  at  Site  A6  for  1980.  The 
highest  value  observed  was  643  mm  of  Hg  during  December  1980,  and  the  lowest 
value  was  614  mm  of  Hg  during  January  1980.  The  winter  storms  cause  the  lowest 
readings  and  the  basin  highs  bring  the  highest  readings.  During  the  summer 
the  air  mass  systems  are  much  weaker  and,  consequently,  not  much  change  in 
the  pressure  is  evident. 

Net  Thermal  Radiation 

Figure  4.2-20  shows  the  average  hourly  net  thermal  radiation  at  Site 
A6  during  January  and  July  1980.  As  expected,  the  radiation  is  higher  in 
the  summer  due  to  the  longer  days,  more  intense  sunlight,  and  less  cloudiness. 
Highest  values  during  the  day  generally  occurred  around  noon. 
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TABLE  4.2-18.  Seasonal  relative  humidity  (in  %)  at  Site  A6  for  1980  compared  to 
the  baseline  average. 


Season 

Hour 

0500 

1100 

1700 

2300 

Baseline 

1980 

Baseline 

1980 

Basel ine 

1980 

Basel ine 

1980 

Winter 
Spring 
Summer 
Fall 

83 
72 
58 
65 

80 
68 
47 
67 

65 
45 
39 
39 

50 
36 
26 
40 

55 
37 
25 
32 

47 
39 
20 
34 

77 
62 
42 
53 

73 
63 
35 
55 

Annual 

70 

66 

45 

38 

37 

35 

59 

57 
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4.2.2.4   Diffusivity.  When  a  gaseous  pollutant  in  the  form  of  a  plume 
or  puff  is  released  into  the  atmosphere  it  is  transported  by  the  prevailing 
wind.  As  it  travels  downwind  its  concentration  decreases  as  its  .volume  increases. 
Its  growth  in  the  vertical  is  governed  mainly  by  the  atmospheric  stability, 
while  its  growth  in  the  horizontal  depends  not  only  upon  stability  but  on 
mechanical  turbulence.  Mechanical  turbulence  is  defined  as  irregular  airflow 
induced  by  surface  roughness.  A  surrogate  of  mechanical  turbulence  is  the 
fluctation  of  wind  direction  or  sigma  theta. 

Using  a     data  from  Site  A6,  the  frequency  distribution  of  different  "stability" 
("diffusion")  classes  is  computed  in  Table  4.2-19.  The  classification  scheme 
used  follows  that  in  the  Atomic  Energy  Safety  Guide  23  (AEC,  1972)  and  appears 
in  Table  4.2-20. 

When  the  entire  year  is  considered,  stability  Classes  D  and  E  are  the 
most  prevalent  and  the  unstable  classes  (A,  B,  and  C)  account  for  34%  of  the 
values.  Data  collected  at  Site  A6  shows  that  the  variability  in  stability 
classes  is  greatest  during  winter. 

A  complete  dispersion  picture  must  also  include  the  effect  of  plume  rise. 
The  meteorological  parameters  that  greatly  influence  the  height  of  a  plume 
are  vertical  atmospheric  (thermal)  stability  and  wind  speed.  Vertical  atmos- 
pheric stability  can  be  best  defined  by  AT  data.  In  equations  derived  by 
Briggs  (1974)  for  calculating  plume  height,  only  three  atmospheric  stability 
classes  are  needed.  The  classification  scheme  is  listed  in  Table  4.2-21. 

Figures  4.2-21  and  4.2-22  show  the  diurnal  variation  of  AT  collected 
at  Site  A6  for  two  months,  January  (winter)  and  July  (summer)  1980.  Because 
of  the  general  cloudiness  in  January,  the  development  of  strong  nocturnal 
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TABLE  4.2-20.    Classification  of  atmospheric  stability  using  a 


i) 


Stability 
Classification 

Pasquill 
Categories 

aQ   * 
(degrees) 

Extremely  unstable 

A 

25.0 

Moderately  unstable 

B 

20.0 

Slightly  unstable 

C 

15.0 

Neutral 

D 

10.0 

Slightly  stable 

E 

5.0 

Moderately  or  very 
stable 

F 

2.5 

Extremely  stable 

G 

1.7 

Source:  Atomic  Energy  Safety  Guide  23  (AEC,  1972) 


*Standard  deviation  of  horizontal  wind  direction  fluctuation 
over  a  period  of  15  minutes  to  one  hour.  The  values  shown 
are  averages  for  each  stability  classification. 
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TABLE  4.2-21.  AT   stability  scheme. 


Stability 

4T  (°C/100m) 

1. 

Unstable  and 

Neutral 

2. 
Slightly  Stable 

3. 
Very  Stable 

<-0.5 

-0.5  to  1.5 
>1.5 

Source:  Briggs,  1974 
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stability  was  prohibited.  Therefore,  there  was  only  a  small  diurnal  variation 
in  the  mean  AT  and  the  stability  was  almost  always  slightly  stable  or  neutral 
throughout  the  entire  day.  Very   stable  or  slightly  stable  atmospheric  condi- 
tions prevailed  in  early  morning  and  evening  during  July.  In  the  afternoon, 
neutral  or  unstable  conditions  were  a  general  rule. 

The  frequency  distribution  of  stabilities  for  each  season  based  on  AT 
appears  in  Table  4.2-22.  This  table  shows  that  very  stable  conditions  occur- 
red more  often  during  summer  and  fall.  Unstable  or  neutral  activities  occur- 
red more  than  half  the  time  during  the  entire  year.  The  instrument  for  1980 
measures  AT  to  within  -0.1  C/20  meters  over  the  measurement  interval.  Accur- 
acy was  below  this  level  in  the  baseline  period;  hence,  no  comparison  of  the 
AT  data  is  attempted. 

Examining  the  entire  set  of  joint  frequency  distributions,  one  finds 
the  combination  of  very  stable  atmosphere  (  AT  >1.5  C/100  m),  with  low  wind 
speeds  (<3.5  m/s)  occurred  22%  of  the  time  during  1980,  with  such  occurrences 
most  frequent  28%  in  the  fall.  Table  4.2-23  shows  the  relative  frequencies 
of  such  occurrences  by  seasons  for  1980. 
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TABLE  4.2-22.   Relative  frequency  distribution  (%)  of  AT  at  Site  A6  for  1980, 


Season 

Stablility  (  4T  in  °C/100m) 

Unstable 

or 
Neutral 
(<-0.5) 

Slightly 

Stable 

(-0.5  to  1.5) 

Very 
Stable 
(>1.5) 

Total 

Number 

of 

Observations 

Winter 
Spring 
Summer 
FalV 

59 
67 
45 
45 

10 
12 
15 
12 

31 
21 
40 
43 

2,184 
2,208 
2,208 
2,184 

All  Year 

54 

12 

34 

8,784 
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TABLE  4.2-23.  Relative  frequency  {%)  of  low  wind  speed  (<3.5  m/s) 
combined  with  very  stable  (>1.5  C/100  m)  atmosphere 
for  each  season  in  1980  at  Site  A6. 


Season 

Frequency 

w 

Total 
Observations 

Winter 
Spring 
Summer 
Fall 

24.5 
12.0 
22.6 
28.3 

1,962 
1,397 
1,167 
1,665 

All  Year 

21.9 

6,191 
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4.3  BIOLOGICAL  RESOURCES 

Biological  resources  monitoring  for  the  two-year  Environmental  Baseline 
Monitoring  Program  was  completed  in  January,  1977.  At  that  time  an  Interim 
Monitoring  Program  was  implemented.  This  section  discusses  predominantly 
the  work  conducted  during  1980  as  a  part  of  this  program. 

Tracts  Ua  and  Ub  are  within  the  eastern  portion  of  the  Uinta  Basin,  a 
broad,  northwest-facing  asymmetric  basin  on  the  northeastern  edge  of  the 
Colorado  Plateau  (Figure  4.3-1).  The  Uintah  Basin  overlies  alluvial 
sediments  of  a  prehistoric  depositional  lake  basin.  Major  land  features 
bordering  the  basin  are  the  Uinta  Mountains  on  the  north,  the  Wasatch  Range 
on  the  west,  the  Roan  and  Book  Cliffs  on  the  south,  and  the  highlands 
associated  with  the  subsurface  Douglas  Creek  Arch  along  the  eastern  edge. 

The  Green  River,  flowing  generally  southwestward,  is  the  major  drainage 
within  the  basin.  A  portion  of  its  water  comes  from  the  westward-flowing 
White  River,  its  headwaters  in  the  White  River  Plateau  of  Colorado  and  the 
eastward-flowing  Duchesne  River,  its  headwaters  in  the  Uinta  Mountains. 

Tracts  Ua  and  Ub  are  bounded  by  the  White  River  to  the  north,  Hell's 
Hole  Canyon  to  the  east,  upland  areas  of  elevations  between  1829  and  1890  m 
(6000-6200  ft)  to  the  south,  and  Asphalt  Wash  to  the  west.  The  region  near 
the  tracts,  including  the  area  extending  southward  to  the  Roan  Cliffs  and 
westward  to  the  Green  River,  is  a  gently  north-sloping,  highly  dissected 
plateau  characterized  by  steep-walled  canyons  with  ephemeral  streams  or  dry 
washes. 

Within  the  tracts  the  landscape  is  composed  of  a  series  of  north- 
south-trending  valleys  separated  by  narrow,  elongated  mesas.  Thirty-three 
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percent  of  these  tracts  drains  into  Evacuation  Creek,  31  percent  is  in 
the  Southam  Canyon  drainage,  30  percent  drains  directly  into  the  White 
River,  and  six  percent  is  in  the  Asphalt  Wash  drainage.  Elevations  range 
from  1500  to  1890  m  (4920-6200  ft.). 

The  White  River  is  the  only  perennial  stream  running  through  the 
tracts,  although  Evacuation  Creek  contains  surface  flow  for  several  months 
of  the  year,  mainly  from  brackish  and,  in  some  places,  poisonous  ground 
water  discharge  from  the  Bird's  Nest  aquifer.  Southam  Canyon,  Asphalt 
Wash,  and  tributaries  of  Evacuation  Creek  and  the  White  River  are   all 
ephemeral . 

The  soils  along  the  flood  plain  of  the  White  River  and  along  smaller 
drainageways  throughout  the  area  have  formed  in  alluvium.  The  alluvium 
along  the  White  River  has  come  from  a  wide  range  of  transported  materials, 
whereas  in  the  small  drainages  the  materials  are  largely  deep,  sandy  loams 
and  channery,  sandy  loams  derived  locally  from  the  Uinta  and  Green  River 
formations.  The  parent  material  for  the  upland  soils  is  also  the  Uinta 
and  Green  River  formations,  over  which  the  soils  are  shallow  or  \/ery 
shallow. 

The  tracts  are  in  the  Colorado  Plateau  physiographic  province,  dis- 
tinguished by  the  nearly  level  bedrock  and  the  numerous  canyons  and 
generally  high  elevation.  Most  of  the  area  is  between  1520  and  1850  m 
(5000  and  6000  ft.)  above  sea  level.  The  topography  of  the  area  is  sloping 
to  steep  slopes  ranging  from  about  5%  to  over  60%.  The  western  part  of 
the  tracts  is  characterized  by  numerous  nearly  vertical  sandstone  cliffs. 
The  eastern  part  of  the  tracts,  east  of  Evacuation  Creek,  has  more  rolling 
topography  and  fewer  sandstone  cliffs. 
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Shrubs,  forbs,  and  grasses  are  the  dominant  vegetation  over  much  of 
the  area.  Juniper  trees  are  common  at  higher  elevations  above  1650  m 
(5400  ft.)  west  of  Evacuation  Creek,  with  scattered  pinon  pine  at  the 
highest  elevations.  There  is  an  open  stand  of  large  cottonwood  trees 
along  the  White  River  valley,  and  young  willows  and  tamarisk  grow  in  the 
most  recent  deposits.  Big  sagebrush  is  the  dominant  vegetation  along 
numerous  drainageways  throughout  the  area.  Shadscale,  black  sage,  cheat- 
grass,  Indian  ricegrass,  squirrel  tail,  and  some  forbs  are  common  on  shallow 
upland  soils.  Greasewood  and  shadscale  are  common  in  alkali -affected 
areas. 

Plant-available  moisture  is  the  most  important  factor  in  the  distri- 
bution of  vegetation  types  in  the  arid  west,  and  soil  characteristics  are 
one  of  the  important  factors  that  determine  plant-available  moisture.  As 
a  result,  the  distribution  of  vegetation  types  often  corresponds  to  the 
distribution  of  soil  types.  On  the  tracts,  where  vegetation-pattern  and 
soil-type  distribution  coincide,  it  is  usually  a  function  of  soil  moisture. 

Greasewood  occurs  exclusively  on  the  D  soils  at  the  site.  D  soils 
are  the  deep,  sandy  loam  soils  forming  in  alluvium.  They  occur  in  the 
relatively  narrow  drainages  below  steeply  sloping  soils  and  rock  outcrops. 
The  soil  has  a  relatively  high  water-holding  capacity.  The  correlation 
between  areas  of  D  soil  and  areas  of  greasewood  vegetation  is  the  closest 
of  any  of  the  soil-vegetation  relationships  at  the  site. 

Riparian  vegetation,  as  the  name  implies,  is  found  only  in  areas 
adjacent  to  water  and  on  moist  soils.  The  soils  of  the  site  that  are 
moist  enough  to  sustain  this  type  of  vegetation  are  W  soils  and  D  soils. 
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The  W  soils  are  deep,  imperfectly  drained,  and  form  in  silty  alluvium 
adjacent  to  the  flood  plain  of  the  White  River.  All  of  the  W  soils  mapped 
at  the  site  support  riparian  vegetation.  Riparian  vegetation  also  occurs 
along  Evacuation  Creek  where  D  soils  are  moist  enough. 

The  upland  soils  at  the  site  are  similar,  but  support  a  variety  of 
vegetation  types.  The  juniper  type  is  found  at  the  high  elevations  on 
the  thin,  sandy  soils  (As,  Bs,  and  F).  These  are  shallow  and  very   shallow 
sands,  sandy  loams,  or  loams.  The  eastern  limits  of  juniper  roughly 
coincide  with  the  limits  of  these  soils  along  the  west  side  of  Evacuation 
Creek.  However,  the  same  soils  extend  beyond  the  limits  of  the  juniper 
type  because  juniper  is  limited  by  altitudinal  requirements.  The  thin 
sandy  soils  that  are  below  the  juniper-vegetation  limits  to  the  north 
and  to  the  west  are  dominated  by  big  sagebrush. 

The  A  and  B  soils  have  formed  on  the  Green  River  Formation.  Very 
shallow  loam  soils,  they  are  less  sandy  than  the  upland  soils  found  on 
the  Uinta  Formation.  The  vegetation  on  these  soils  is  exclusively  the 
shadscale-black  sagebrush  type.  The  shadscale-black  sagebrush  type  is 
not  limited  to  soils  A  and  B,  but  also  dominates  the  sandy  soils  (As, 
Bs,  and  F)  that  occur  north  of  the  White  River. 

Plant  communities  on  the  tracts  are  sagebrush-greasewood,  juniper, 
shadscale,  and  riparian  (Figure  4.3-2).  The  dominant  shrubs  in  the  sagebrush- 
greasewood  community  are  big  sagebrush  (Artemisia  tridentata),  greasewood 
(Sarcobatus  vermiculatus) ,  and  shadscale  (Atriplex  confertifolia) .  Other 
major  shrubs  associated  with  the  community  include  horsebrush  (Tetradymia 
spp.),  hop  sage  (Grayia  spinosa) ,  and  black  sage  (Artemisia  nova).  The 


4.3-5 


-C 


T3 
E 


■M 

< 

<J 

ro 

'- 
I— 

O 

<T3 

C/5 


GJ 


C 
in 


c. 


c 


c\j 

l 

CO 


QJ 

5- 


cr> 


4.3-6 


dominant  herbaceous  species  persisting  into  fall  include  Russian  thistle 
(Salsola  kali ) ,  snake  weed  (Gutierrezia  sarothrae),  and  rabbit  brush 
(Chrysothamnus  spp.).  Both  Russian  thistle  and  rabbitbrush  are  indicative 
of  heavily  grazed  if  not  overgrazed  vegetation.  Chrysopsis  (Chrysopsis 
spp.),  fleabane  (Erigeron  engelmannii ) ,  prickly  pear  (Opuntia  spp.)»  ar|d 
winterfat  (Eurotia  lanata)  are  other  major  species. 

Cheatgrass  (Bromus  tectorum)  is  the  dominant  grass  in  the  spring. 
Indian  ricegrass  (Oryzopsis  hymenoides),  needle-and-thread  grass  (Stipa 
comata) ,  and  Galleta  grass  (Hi laria  jamesi  i)  are  subdominant  grasses  which 
persist  into  fall  and  represent  the  dominant  fall  grasses.  Cheatgrass 
and  needle-and-thread  grass  provide  good  forage  while  young,  but  poor 
forage  when  mature.  The  borage  family  (Boraginaceae)  and  mustard  family 
(Cruciferae)  provide  the  dominant  spring  herbs.  Mentzelia  (Mentzelia 
albicaulis) ,  squirrel  tail  grass  (Sitanion  hystrix),  Cleome  (Cleome 
lutea) ,  and  red  sage  (Kochia  americana)  are  other  major  species  that 
appear  in  the  spring. 

The  juniper  community  is  dominated  by  Utah  juniper  (Juniperus 
osteosperma) .  Only  four  pinon  pines  (Pinus  edulus)  were  encountered 
during  the  field  sampling.  Black  sage  and  to  a  lesser  extent  shadscale 
and  big  sage  are  the  major  shrubs.  Snakeweed,  spurge  (Euphorbia  spp.), 
wild  buckwheat  (Eriogonum  spp.),  rabbitbrush,  and  fleabane  are  the  major 
herbaceous  species  persisting  into  fall. 

Galleta  grass  and  Indian  ricegrass  are  the  dominant  grasses  in  the 
spring  and  persist  into  fall.  Spring  herbs  are  dominated  by  the  borage 
family,  wild  buckwheat,  red  sage,  and  sweet  vetch  (Hedysarum  boreale). 
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Other  spring  species  include  pepper  grass  (Lepidium  montanum)  and  other 
species  in  the  mustard  family,  needle-and-thread  grass,  Kentucky  bluegrass 
(Poa  pratensis) ,  cheatgrass,  phlox  (Phlox  hoodii) ,  and  lambs  quarter 
(Chenopodium  album) . 

The  dominant  shrubs  of  the  shadscale  community  are  shadscale  and 
big  sage.  The  other  major  shrubs  include  black  sage,  greasewood,  and  to 
a  lesser  extent  hop  sage  and  horsebrush  (Tetradymia  spinosa).  Herbaceous 
species  persisting  into  fall  include  rabbitbrush,  snakeweed,  halogeton 
(Halogeton  glomeratus),  milk  vetch  (Astragalus  spp.),  and  Russian  thistle. 
As  in  the  sagebrush-greasewood  community,  the  rabbitbrush,  halogeton,  and 
Russian  thistle  are  indicative  of  heavy  grazing  pressure.  Indian  rice- 
grass  is  the  dominant  fall  grass,  with  needle-and-thread  grass  and  Galleta 
grass  represented  to  a  lesser  extent. 

Cheatgrass  dominates  the  spring  growth,  with  blue  mustard  (Chorispora 
tenella)  and  other  species  in  the  mustard  family  the  dominant  herbs.  Other 
spring  species  include  wild  buckwheat,  Indian  ricegrass,  squirrel  tail 
grass,  stickseed  (Lappula  redowskii ) ,  and  other  species  of  the  borage 
family;  and  globe  mallo  (Sphaeralcea  coccinea),  Galleta  grass,  Mentzelia, 
and  onion  (Alluim  spp.). 

Cottonwood  (Populus  fremontii)  dominates  the  riparian  community  along 
the  White  River,  with  saltcedar  (Tamarix  pentandra)  the  dominant  under- 
story  shrub.   In  the  riparian  area  along  Evacuation  Creek,  saltcedar  and 
greasewood  are  the  dominant  shrubs.  Horsetail  (Equisetum  arvense), 
rabbitbrush  (Chrysothamnus  viscidiflorus  and  C.  nauseosus)  and  wire  rush 
(Juncus  balticus)  are  also  dominant  understory  plants.  Other  major  shrubs 
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include  greasewood,  willow  (Salix  exigua) ,  saltbrush  (Atriplex  patula) , 
and  big  sage.  Russian  thistle,  yellow  sweet  clover,  and  snakeweed  are  the 
major  herbaceous  species  persisting  into  the  fall.  Saltgrass  (Distichlis 
stricta)  is  the  dominant  grass  in  the  fall,  with  western  wheatgrass 
(Agropyron  smithii)  and  to  a  lesser  extent  muhly  (Muhlenbergia  asperifolia) 
and  Kentucky  bluegrass  the  other  major  grasses  persisting  into  the  fall. 
Spring  growth  is  dominated  by  cheatgrass.  Pepper  grass  (Lepidium 
perforatum)  and  other  species  of  the  mustard  family,  yellow  sweet  clover, 
saltgrass,  and  western  wheatgrass  are  the  major  spring  plants.  Other  herbs 
and  grasses  occurring  in  the  riparian  community  include  Kochia  (Kochia 
spp.),  stickseed  and  other  species  of  the  borage  family,  Kentucky  bluegrass 
blue  mustard,  smother  weed  (Bassia  hyssopifolia) ,  six  weeks  fescue  (Festuca 
octoflora) ,  sand  bur  (Cenchrus  pauciflorus) ,  snakeweed,  the  root  parasite 
bastard  toad-flex  (Comandra  pall ida) ,  ragweed  (Ambrosia  psilostachya) , 
poverty  weed  (Iva  axillaris) ,  alkali  sacaton  (Sporobolus  airoides),  sage- 
brush (Artemisia  ludoviciana) ,  and  reed  (Phragmites  communis). 

The  major  factors  determining  the  distribution,  composition,  and 
structure  of  the  plant  communities  are  primarily  soils  and  available  water. 
The  cottonwood-dominated  riparian  community  is  restricted  to  the  area 
along  the  White  River  where  available  water  is  abundant.  The  juniper 
community  occurs  in  the  higher  elevations  where  soils  are  ^ery   thin  and 
poorly  formed. 

The  sagebrush-greasewood  and  shadscale  communities  occur  in  the  areas 
of  relatively  low  relief,  with  the  sagebrush-greasewood  community  occurring 
in  the  swale  areas  with  relatively  deeper  soils.  The  major  plant  species 
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occurring   in  both  communities   are  almost   identical;  however,   the  dominance 
of  different  species  distinguishes  one  community  from  the  other.     The 
shadscale  community  is  dominated  by  shadscale  and  big  sage,   which  have 
shallow  root  systems  relative  to  greasewood,   a  co-dominant  with   shadscale 
and  big  sage   in  the  sagebrush-greasewood  community. 

Of  the  major  shrub  species,   shadscale  and  big  sage  are  the  dominant 
species   in  the  sagebrush-greasewood   and  shadscale  communities   and   are  the 
major  shrubs   in  the  juniper  community.     Black   sage   is  a  major  shrub   in  all 
three  communities  relative  to  big  sage  and  shadscale,  but   it   is  the  dominant 
understory  shrub   in  the  juniper  community. 

Indian  ricegrass   is   a  dominant  fall   grass   in   all   three  communities. 
Galleta  grass   is  a  fall   co-dominant   in  the  juniper   and   shadscale 
communities,   and  needle-and-thread  grass   is   a  fall   co-dominant   in  the 
shadscale  and  sagebrush-greasewood  communities.     In   spring  the  dominant 
grasses   in  the  juniper  community  are  Indian  ricegrass   and  Galleta  grass, 
while  cheatgrass   is  the  overshelmingly  dominant  grass   in  the 
sagebrush-greasewood,   shadscale,   and  riparian  communities. 

Rabbitbrush   is  a  major  herbaceous   species   in  all   four  communities,    and 
snakeweed   is   a  common  major  herbaceous   species   in   all   but  the  riparian 
community.     Russian  thistle   is  a  major  plant   in  the  shadscale, 
sagebrush-greasewood   and  riparian  communities,  but   is   rare   in  the  juniper 
community. 

Figure  4.3-3  shows  the   locations  of  the  monitoring  sites   used  for 
vegetation  and  animal  monitoring  activities  during  1980. 
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4.3.1  Vegetation 

The  following  section  discusses  the  vegetation  monitoring  studies 
conducted  during  1980  by  Utah  State  University's  Institute  of  Land 
Rehabilitation  for  the  White  River  Shale  Project  as  a  part  of  the  continuing 
Interim  Monitoring  Program.  The  vegetation  program,  under  the  direction  of 
Dr.  Cyrus  McKell,  is  divided  into  two  categories.  The  first  was  a 
continuation  of  baseline  monitoring  studies  initiated  in  1975  to 
characterize  vegetation  resources  on  the  Utah  tracts.  The  second  was  a 
continuation  of  reclamation  studies  initiated  both  on  the  oil  shale  tracts, 
at  the  Section  6  study  site  north  of  the  White  River,  and  at  Anvil  Points, 
Colorado. 

4.3.1.1  Objectives.  The  major  objectives  of  the  vegetation  resources 
monitoring  program  are  to  maintain  the  continuity  of  data  collection  on  key 
parameters,  identify  environmental  trends,  develop  vegetation  resource  data 
to  support  the  interpretation  of  animal  monitoring  data,  and  to  explore  the 
control /treatment  methods  for  monitoring  long-term  impacts  of  tract 
development. 

The  1980  vegetation  work  plan  in  addition  to  monitoring  existing  tract 
conditions  also  continued  a  series  of  additional  studies  begun  in  previous 
years  to  identify  and  evaluate  various  parameters  which  will  (or  may)  affect 
future  revegetation  efforts. 

4.3.1.2  Methods.  The  approach  used  during  the  1980  Interim  Monitoring 
Program  followed  procedures  established  during  previous  years  and  discussed 
in  prior  annual  reports. 
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The  program  to  monitor  prevailing  vegetation  continued  to  use  the  areas 
of  sampling  established  in  1975  and  used  throughout  the  program  to  measure 
plant  productivity  and  stem  growth  and  to  visually  inspect  general 
vegetation  conditions.  Two  periods  of  monitoring  were  emphasized;  June, 
when  annual  plant  species  are  at  their  peak  of  production,  and  October,  when 
the  majority  of  shrubs  have  achieved  their  ultimate  growth  in  stem  leader 
and  seed  production  for  the  year. 

In  June,  1980,  five  productivity  study  areas  were  visited  in  each  of 
the  four  major  vegetation  types  identified  during  the  Baseline  program.   In 
each  study  area  above,  ground  biomass  was  harvested  from  twenty  0.25  meter 
plots.  Plants  were  measured  for  height,  clipped  at  ground  level,  and 
returned  to  the  lab  for  analysis.  Motes  on  vegetation  conditions  were 
recorded  relative  to  plant  density  and  the  randomness  of  plant  production  in 
the  more  favorable  growth  sites.  Estimates  of  plant  production  and  plant 
cover  were  reported. 

There  was  no  change  during  1980  in  methodology  for  the  sagebrush  stem 
growth  measurements.  The  annual  growth  of  20  stems  on  each  of  20  separate 
plants  in  each  of  six  sampling  locations  (2400  samples)  was  measured.  Each 
measurement  was  from  the  bud-scale  scar  of  the  previous  year  to  the  tip  of 
the  new  growth. 

During  1980  efforts  continued  on  a  number  of  reclamation  research 
projects  begun  in  preceding  years. 

To  determine  the  effect  of  annual  plant  competition  on  the  growth  and 
survival  of  species  transplanted  on  disturbed  soils,  both  bare-root  and 
container-grown  stock  were  transplanted  at  two  locations  in  the  spring  of 
1977.  These  locations  included  groundwater  well  site  G-8  and  the  Section  6 
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study  area.      The  studies  involved  four  different  plant  species  comparing 
three  types  of  competition  treatments  and  two  propagation  techniques  at  Site 
G-8  and  five  different  plant  species  comparing  six  types  of  competition 
treatments  and  two  propagative  techniques  at  Section  6  study  site. 

To  evaluate  the  effect  of  plant  age  and  vegetative  pruning  on  plant 
survival,  fourwing  saltbrush  grown  as  bare-root  stock  were  field  planted  in 
the  spring  of  1978  at  two  locations,  Section  6  study  area  and  at  the  Nephi 
Field  Station.  Plants  of  one,  two,  and  three  year  old  stock  were  compared 
for  survival.  The  three  levels  of  pruning  were  unpruned  (control),  lightly 
pruned  (leaving  half  of  the  top  biomass),  and  heavily  pruned  (leaving  the 
stumps  with  only  1  to  3  inches  of  stems  above  the  ground). 

To  evaluate  the  success  of  redeveloping  vegetation  communities  in 
association  with  processed  shale,  a  number  of  experiments  continued  during 
1980.  One  study  begun  in  the  spring  of  1976  at  Section  6  investigated  the 
survival  of  shrubs  and  forbs  and  grasses  growing  in  30  cm  of  processed  shale 
as  compared  to  those  growing  in  15  cm  of  shale  covered  by  15  cm  of  soil. 
Another  study  at  Section  6  compared  the  survival  of  5  plant  species  when 
growing  in  processed  shale  and  in  a  topsoil  filled  trench.  Two  types  of 
processed  shale  were  used  for  this  experiment  (Union  B  and  Paraho  DH). 
Still  another  study  at  Anvil  Points,  Colorado,  begun  in  the  spring  of  1979 
has  investigated  survival  of  six  shrub  and  one  grass  species  grown  in  a 
topsoil  filled  trench.  Of  particular  concern  was  the  plant's  resistance 
(tolerance)  to  salinity  in  water  harvested  from  the  processed  shale. 

Another  study  was  established  in  June  1978  at  the  Section  6  study  area, 
Anvil  Points,  and  in  greenhouses  at  Utah  State  University  to  investigate  the 
beneficial  effects  of  endomycorrhizal  fungi  innoculations.  Other  studies 
have  indicated  that  mycorrhizal  plants  can  withstand  the  pressures  created 
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by  infertile  and  saline  soils  (such  as  processed  shale)  and  arid  growing 
conditions.  The  WRSP  study  sought  to  develop  the  methods  of  introducing 
mycorrhizal  fungi  into  disturbed  sites  where  they  are  currently  absent.  The 
program  is  separated  into  field  and  greenhouse  studies.  The  field 
experiments  involved  collection  of  root  and  soil  samples  at  various  depths 
to  determine  mycorrhizal  status,  development  of  mycorrhizal  inocula,  and 
outplanting  of  mycorrhizal  and  non-mycorrhizal  fourwing  saltbush  plants  in 
various  media.  Greenhouse  experiments  were  also  conducted  on  four  different 
plant  species  under  more  controlled  conditions  to  evaluate  a  greater  number 
of  parameters. 

4.3.1.3  Data  Summary.  Of  the  several  years  during  which  revegetation 
research  and  monitoring  studies  have  been  conducted  for  White  River  Shale 
Project  on  Tracts  Ua  and  Ub  1980  was  close  to  being  an  average  year. 
Precipitation  for  the  1979-80  growing  season  (and  hydrologic  year) 
approached  the  average  in  many  respects  (see  Table  4.3-1).  No  precipitation 
was  recorded  in  September  whereas  November  was  unusually  moist. 
Precipitation  in  the  spring  months  was  generally  favorable  for  growth  of 
small  forbs  and  grasses  and  encouraged  the  production  of  a  better  than 
average  seed  crop  by  most  species. 

Plants  established  in  studies  in  previous  years  did  not  appear  to  be 
stressed  by  the  1980  weather  conditions  and  for  all  practical  purposes  may 
be  considered  as  a  part  of  the  "permanent"  vegetation.  Some  problems  were 
noted  with  the  plants  growing  on  the  pilot  model  (Section  6  study  area) 
where  a  high  density  of  planting  in  the  topsoil  trench  resulted  in  moisture 
depletion  to  a  dry  condition.  At  some  sites  such  as  G-3  and  G-17  where 
excellent  stands  of  vegetation  have  been  obtained,  the  plants  are  now  in 
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competition  with  each  other  for  moisture  and  nutrients  due  to  the  initial 
close  proximity  in  planting.  Some  losses  are  expected  as  a  result  of  close 
planting.  Localized  summer  thunderstorms  inundated  all  of  the  study  areas 
at  G-3  and  6-5  with  2-3  inches  of  sediment. 

4.3.1.3.1  Production  of  Annual  Plant  Biomass.  With  regard  to 
productivity,  the  1980  growing  season  was  not  one  of  the  more  favorable 
years  since  inception  of  the  Baseline  program  even  though  precipitation  was 
slightly  above  average.  The  results  of  the  1980  program  are  summarized  and 
compared  with  previous  years  in  Table  4.3-2  and  are  discussed  below. 

A.  Shadscale  Vegetation  Type 

Annual  species  were  almost  non-existant  in  this  vegetation  type  in 
1980.  Scattered  patches  of  cheatgrass  were  found  in  protected  areas  under  a 
shrub  canopy  or  in  the  lee  side  of  a  rock.  A  few  plants  of  Chonisporu 
tenel la  were  observed  but  not  abundant  as  in  other  years.  Percent  cover 
estimates  made  on  June  3-4  were  in  the  order  of  2  percent  with  a  range  of  1 
to  4.5  percent. 

B.  Sagebrush  -  Greasewood  Vegetation  Type 

Annual  species  growing  in  the  sagebrush  greasewood  areas  on  Tracts  Ua  and  Ub 
were  also  spotty  in  the  same  general  pattern  as  the  shadscale  type.  A  few 
Russian  thistle  seedlings  were  present  in  areas  where  protection  and  soil 
moisture  appeared  to  encourage  their  survival.  Open  areas  between  shrubs 
were  essentially  bare  of  annual  plants  and  cover  values  represented 
understory  areas. 
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Table  4.3-2  Biomass  production  of  annual  understory  vegetation  of  four 

primary  vegetation  types  during  1980  and  compared  with  previous 
years. 


VEGETATION  TYPE 


Sample  V         Shadscale       Greasewood       Juniper        Riparian 
Location  Production  Plant  Production  Plant  Production  Plant  Production  Plant 

Cover  Cover  Cover  Cover 

(gm/m2)    {%)  (gm/m2)   (%)    (gm/m2)   (%)    (gm/m2)   {%) 


1 

16.0 

1 

13.6 

0.9 

0.6 

tr 

(3) 

(3) 

2 

15.9 

2 

1.6 

0.1 

0.1 

tr 

(3) 

(3) 

3 

10.4 

2 

25.4 

2.8 

0.6 

tr 

(3) 

(3) 

4 

14.4 

1.9 

1.7 

0.2 

1.0 

tr 

(3) 

(3) 

5 

52.1 

4.5 

2.2 

0.3 

0.4 

tr 

(3) 

(3) 

1980  Avg. 

21.8 

2.3 

8.9 

0.9 

0.5 

trace 

(3) 

(3) 

1979  Avg. 

16.5 

16.9 

6.3 

82.5 

1978  Avg. 

5.4 

35.1 

1.6 

80.0 

1977  Avg. 

(2) 

(2) 

(2) 

(2) 

1976  Avg. 

3.8 

20.9 

0.3 

533.3 

1975  Avg. 

224.3 

51.1 

3.8 

30.6 

1/     Each  value  is  a  mean  of  10  plots  within  areas  sampled  during  and  since 
the  Baseline. 

2/  Vegetation  was  not  sampled  (too  meager  to  harvest). 

3/  Biomass  sampling  data  unavailable  because  of  sample  handling  problem. 
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C.  Juniper  Vegetation  Type 

As  in  previous  years,  the  amount  of  understory  annual  species  in  the 
juniper  vegetation  type  was  considerably  less  than  the  other  types.   In  1980 
hardly  any  biomass  from  annuals  was  available  for  sampling.  Because  of  the 
allelopathic  influence  of  the  juniper  trees  annual  species  such  as  Bromus 
tectorum  and  Russian  thistle  do  not  appear  as  understory  plants.  The  main 
understory  species  noted  was  lambs'  quarters  (Chenopodium  album). 

D.  Riparian  Vegetation  Type 

As  in  previous  years  this  vegetation  type  produced  the  most  annual 
plant  biomass  and  is  a  major  source  of  feed  for  animals.  The  three  sampling 
areas  in  the  flood  plain  of  the  White  River  supported  a  dense  cover  of 
annual  species  such  as  Bromus  tectorum,  Melilotus  officinalis,  Lepidium 
perfoliatum,  and  Atriplex  patula.  On  the  two  sampling  sites  in  Evacuation 
Creek  plant  density  was  considerably  less  and  consisted  mainly  of  Bromus 
tectorum.  Biomass  sample  data  are  not  available  for  this  vegetation  type 
because  of  a  misunderstanding  in  handling  plant  samples  in  the  drying  and 
weighing  room  at  USU  which  resulted  in  disposal  of  samples  before  they  were 
weighed. 

4.3.1.3.2  Sagebrush  Stem  Growth.  Growing  conditions  for  sagebrush 
during  1980  generally  reflected  the  average  conditions  which  prevailed  over 
the  oil  shale  tracts.  This  is  the  stated  purpose  of  the  sampling  procedure, 
to  characterize  plant  growing  conditions  for  the  tracts  as  a  whole  and  to 
obtain  a  measure  of  vegetation  growth  that  can  serve  as  an  index  of 
perennial  plant  productivity. 

Average  stem  length  ranged  from  a  low  of  3.6  cm  at  Site  6  north  of 
the  White  River  to  a  high  of  7.5  cm  for  Site  3  in  Asphalt  Wash  west  of  the 
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tracts  (Table  4.3-3).  Standard  deviation  values  were  not  large,  indicating 
that  variability  of  stem  growth  was  moderate.  Stem  growth  at  Sites  1  and  2 
which  are  within  close  proximity  to  the  proposed  industrial  site  averaged 
4.6  and  6.4  cm  but  were  not  within  one  standard  deviation  of  each  other. 

Notes  on  plant  conditions  during  the  visit  to  the  tracts  for  stem 
measurements  in  October  1980  indicated  some  interesting  plant  growth 
developments.  At  Site  1  in  Section  22  west  of  the  proposed  industrial  site, 
sagebrush  stem  growth  appeared  to  be  minimal  and  only  a  few  flowers  were 
observed  on  the  plants.  Cheatgrass  litter  also  was  minimal,  thus  indicating 
a  moderately  dry  spring  period.  The  area  had  a  dry  appearance. 

At  Site  2  located  about  1/4  mile  east  of  the  proposed  industrial 
area  conditions  also  looked  dry  with  but  limited  development  of  summer 
growing  plants.  The  Asphalt  Wash  area  which  includes  Site  3  (near  the 
center  of  Section  29)  also  looked  dry  but  more  sagebrush  plants  were 
producing  flowers  than  at  Sites  1  and  2.  Some  browsing  of  plants  was  noted. 
Perennial  grasses  were  initiating  new  growth  as  a  result  of  a  late  summer 
rain.  Extensive  sheet  erosion  onto  the  study  area  had  occurred  from  an 
intense  summer  thundershower.  At  Site  4, located  in  the  west  center  of 
Section  35  south  of  the  oil  shale  tracts,  sagebrush  plants  in  the  bottom  of 
depressions  were  flowering  above  average.  Many  new  cheatgrass  seedlings 
were  noted  along  with  extensive  soil  movement  resulting  from  the  storm 
mentioned  above.  At  Site  5  on  the  east  side  of  the  tracts  in  Section  18, 
the  sagebrush  plants  appear  to  be  stressed  for  water'  and  are  not  flowering. 
^Jery   limited  litter  from  the  spring  is  evident.  Stem  growth  at  Site  6 
located  in  Section  4  north  of  the  White  River  appeared  to  be  related  to 
recent  rain  rather  than  earlier  moisture.  Few,  if  any,  plants  had  flowers. 
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Sagebrush  stem  growth  data  for  1980  were  less  variable  than  for 
other  years  and  appeared  to  be  midway  between  the  low  of  2.7  cm  for  1977  and 
the  high  of  8.4  cm  for  1979  (Table  4.3-4).  Average  1980  rainfall  over  the 
tracts  was  9.6  inches  and  no  doubt  was  a  controlling  factor  in  the 
relatively  average  growth  of  sagebrush  stems  and  other  plants.  Animal 
populations  depending  on  plant  production  also  reflect  the  average  amount 
of  growth  in  1980. 

Several  correlations  of  other  factors  in  relation  to  plant 
production  were  tested  in  1980.  Two  plant  production  relationships  appear 
to  be  highly  correlated  to  seasonal  precipitation.  Sagebrush  stem  growth 
and  precipitation  during  the  fall  and  winter  show  a  high  correlation  (Figure 
4.3-4).  These  deep  rooted  perennial  species  rely  on  moisture  stored  in  the 
deeper  soil  layers  to  continue  growth  throughout  the  summer.  Spring  and 
early  summer  precipitation  is  generally  lost  to  evaporation  and  the 
transpiration  of  annual  plants  and  seldom  percolates  into  the  soil.  High 
intensity  summer  thundershowers  also  have  a  low  degree  of  effectiveness 
because  runoff  occurs  before  any  appreciable  amount  can  infiltrate  the  soil 
beyond  the  reach  of  surface  evaporation.  This  is  especially  true  on  the 
heavy  textured  soils. 

In  contrast  to  shrubs,  annual  plant  species  have  shallow  root 
systems  and  can  tap  the  soil  moisture  only  down  to  about  15-30  cm.  As  a 
result  they  are  unable  to  use  deep  soil  moisture  stored  during  the  cool 
months  of  the  year  and  must  rely  on  rainfall  during  the  spring  growing 
season.  Rainfall  during  the  months  of  April  -  June  was  shown  to  be  a  key 
factor  influencing  herbaceous  productivity  (Figure  4.3-5).  The  even  spacing 
of  rainfall  in  the  spring  months  can  also  be  critical. 
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FALL  &  WINTER    PRECIPITATION     linchesl 

Figure  4.3-4.   Regression  of  annual  sagebrush  stem  growth  on  fall  and  winter 
precipitation. 
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Figure  4.3-5 


Regression  of  herbaceous  plant  production  on  spring 
precipitation. 
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Over  the  six  years  during  which  sagebrush  stem  growth  measurements 
have  been  taken,  the  values  have  ranged  from  a  low  of  2.7  cm  in  1977  to  a 
high  of  8.4  cm  in  1979.  This  provides  a  realistic  index  of  the  year-to-year 
variability  that  occurs  in  vegetation  in  the  oil  shale  area  exclusive  of  any 
impacts  of  development.  During  1981  it  is  planned  to  study  the  correlation 
of  sagebrush  stem  leader  growth  with  five  other  dominant  shrubs. 

4.3.1.3.3  Results  of  Field  Studies 
A.  Control  of  Plant  Competition 

The  four  plant  species  planted  at  drilling  site  G-8  on  April  5, 
1977  are  now  competing  with  each  other  due  to  their  age,  size,  and  the  close 
proximity  of  planting.  Plant  survival  taken  in  the  spring  and  fall  over  the 
various  growing  seasons  comparing  bare-root  and  container-grown  stock  under 
three  intensities  of  plant  competition  for  each  species  are  shown  in  Figure 
4.3-6.  There  was  a  significant  difference  in  plant  survival  at  the  90 
percent  significance  level  between  the  two  methods  of  planting  and  a  highly 
significant  difference  between  the  three  levels  of  competition. 

The  average  growth  of  the  four  species  comparing  three  competition 
treatments  and  two  propagation  methods  over  the  four  growing  seasons  are 
shown  in  Figures  4.3-6  and  4.3-7.  The  competition  treatments  had  a  highly 
significant  effect  on  plant  height  and  on  plant  cover.  Container  stock  was 
significantly  better  than  bare-root  stock  in  plant  height  and  plant  cover. 
A  comparison  of  the  competition  effect  on  plant  cover  for  the  average  of  the 
three  shrubs,  fourwing  saltbush,  winterfat  and  prostrate  kochia  are  shown  in 
Figure  4.3-7.  The  comparison  in  growth  of  Russian  wildrye  grass  from  the 
three  treatments  over  the  four  seasons  are  shown  in  Figure  4.3-8.  The 
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Figure  4.3-7.  Effect  of  3  levels  of  competition  on  shrub  growth 
Average  of  three  shrubs  and  method  of  planting. 
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Figure  4.3-8.  Effect  of  three  levels  of  competition  on  the  growth 
of  Russian  wildrye  grass. 
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figures  also  demonstrate  the  dramatic  effect  that  yearly  weather  conditions 
have  on  plant  growth. 

In  a  similar  study  at  Section  6  continued  during  1980  indicated 
that  there  were  no  significant  differences  among  the  6  treatments  which 
included  two  propagation  methods,  two  levels  of  moisture  and  two  levels  of 
fertility.  There  was,  however,  a  significant  difference  in  plant  survival 
and  plant  growth  between  the  control  and  two  years  of  clean  cultivation. 
Survival  data  for  the  five  species  and  six  treatments  are  shown  in  Figure 
4.3-9.  Survival  trends  related  to  the  two  propagation  methods  are  not 
significant  apparently  because  a  reverse  in  survival  occurred  between  the 
control  and  the  two  years  of  clean  cultivation. 

The  data  from  these  two  experiments  strongly  indicate  the 
desirability  for  controlling  weedy  plant  competition  to  obtain  high  plant 
survival  under  conditions  such  as  prevail  at  Tracts  Ua  and  Ub. 

B.  Effect  of  Plant  Age  and  Pruning  Levels  on  Fourwing  Saltbush 

Survival 

This  study  was  inititated  with  plantings  being  made  the  Section  6 
study  site  near  Bonanza  on  April  6,  1978  and  at  the  Nephi  Field  Station 
April  12,  1978.  Survival  data  for  the  three  growing  seasons,  at  each 
location,  are  shown  in  Table  4.3-5.  One  year  old  stock  (at  the  time  of 
planting)  regardless  of  the  level  of  pruning  was  better  than  two  or  three 
year  old  planting  stock.  Pruning  of  the  one  year  old  stock  was  better  than 
the  control.  Heavy  pruning  of  the  two  and  three  year  old  stock  was  better 
than  the  light  pruning  or  the  control. 
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C.  Plantings  in  Processed  Shale  and  Soil  Over  Shale-Filled  Pits 
This  study  involved  two  experiments,  one  dealing  with  shrubs  and 

the  other  with  forbs  and  grasses  and  was  established  in  April  1976  during 
the  Baseline  program.   Its  purpose  was  to  compare  the  survival  of  plants 
growing  in  30  cm  of  processed  shale  with  those  growing  in  15  cm  of  shale 
covered  by  15  cm  of  soil.  The  plants  were  planted  in  April,  1976  using  a 
wooden  frame  with  a  plastic  bottom  insert  and  the  shale  and  soil  material  on 
top.  Survival  data  are  shown  in  Table  4.3-6.  Salt  tolerant  chenopods  show 
the  best  survival.  No  data  was  obtained  in  the  fall  of  1980  as  the  plants 
seem  to  be  stabilized  as  to  their  survival.   It  may  be  that  the  plant  roots 
in  some  cases  have  penetrated  the  plastic  and  are  growing  in  the  soil 
underneath.  These  will  excavated  and  examined. 

D.  Pilot  Model  of  Shale  Disposal  Pile 

Processed  shale  from  two  processes,  Paraho  and  Union,  were  compared 
in  the  pilot  model  in  Section  6  with  plants  growing  in  a  topsoil  filled 
trench,  within  the  processed  shale  as  described  in  the  final  report  of  1978. 
In  the  spring  of  the  fourth  growing  season  (1980)  all  five  species  were 
still  surviving  in  the  portion  of  the  pilot  model  containing  the  Union 
processed  shale  while  only  60  percent  were  surviving  in  the  Paraho  processed 
shale.  Percent  survival  of  each  species  in  the  pilot  model  containing  the 
Paraho  processed  shale  was:  fourwing  saltbush  and  prostrate  summer  cypress, 
100%;  cuneate  saltbush  and  Russian  wildrye  grass,  50%;  and  mat  saltbush  0. 
Those  plants  still  surviving  in  the  Paraho  shale  plots  appeared  to  be  in 
good  to  excellent  health. 
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Table  4.3-6  .   Percent  survival  of  several  plant  species  comparing 
shale  (30  cm)  and  soil  (15  cm)  over  shale  (15  cm)  at 
the  beginning  of  the  fourth  growing  season. 


Species 


Shale 


Soil  Over  Shale 


Fourwing  saltbush 

Shadscale 

Cuneate  saltbush 

Greasewood 

Winterfat 

Big  sagebrush 

Black  sagebrush 

Douglas  rabbitbrush 

Seepweed 

Prostrate  summer  cypress 
(Siberian  cypress) 

Saltgrass 

Needle  and  thread  grass 

Western  wheatgrass 

Indian  ricegrass 

Russian  wildrye  grass 

Alkali  sacaton 


% 

33 

50 

42 

25 

17 

0 

0 

0 

38 

19 

0 
0 
0 
0 
0 
0 


% 

50 

75 

58 

67 

17 

8 

0 

0 

69 

19 

0 
0 
0 
0 
0 
0 
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Figure  4.3-15, 


Excellent  growth  in  October  1980  of  four  container-grown 
shrub  species  transplanted  April  1979  in  the  topsoil  filled 
trench  on  the  processed  oil  shale  disposal  pile,  Anvil  Points, 
Colorado.  From  left  to  right:  greasewood,  cuneate  saltbush, 
shadscale  and  fourwing  saltbush. 


Figure  4.3-16 


Close  up  view  of  plants  growing  in  topsoil  trench.  Large 
plant  at  left  is  greasewood,  the  middle  plant  is  shadscale 
and  the  plant  on  the  right  is  fourwing  saltbush. 
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Figure  4.3-17. 


Topsoil -f il led  trench  in  a  processed  oil  shale  pile  in 
August  1979.  Note  the  abundant  plants  of  Russian  thistle 
on  the  margins  of  the  trench.  Water  harvesting  from  the 
slope  above  the  soil  may  help  explain  the  growth  of  weeds 
and  transplants  in  the  soil. 


Concern  has  been  expressed  that  water  harvested  from  the  shale 
would  also  include  salts  picked  up  by  the  runoff  water.  However,  this  was 
anticipated  by  results  from  the  water  harvesting  study  conducted  on  the 
shale  slopes.  To  determine  if  salinity  and  pH  of  the  soil  surface  and 
rooting  zones  at  12  and  17  inches  were  becoming  unfavorable  for  plant 
growth,  soil  samples  were  obtained  on  June  1,  1980.  Results  presented  in 
Table  4.3-7  show  that  salinity,  as  indicated  by  Electrical  Conductivity 
(ECe),  was  variable  among  the  various  plots.  Surface  salinity  was  not  a 
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Table  4.3-7  .  Salinity  and  pH  of  soil  samples  taken  June  2,  1980  from 

various  depths  of  a  soil -filled  trench  located  in  a  processed 
shale  disposal  pile,  Anvil  Points,  Colorado. 


Plot  no.  and 

description  of 

Depth  of 

ECe   2 

mmhos/cm 

collecting  slope 

so- 

il  sample 

PH 

#1  surface 

0 

surface 

8.2 

white,  fluffy  w/ 

12" 

surface 

3.3 

8.4 

^003,  surface 

17" 

surface 

40.0 

8.6 

partially  intact 

#2  surface 

0 

8.0 

8.3 

intact,  rough 

12 

10.6 

8.3 

16 

5.0 

8.3 

#6  surface 

0 

8.0 

8.5 

partially  intact 

12 

12.0 

8.2 

mostly  fluffy 

17 

56.0 

8.4 

#7  surface 

0 

5.0 

8.3 

regular,  loose 

12 

5.0 

8.6 

not  fluffy 

17 

35.0 

8.7 

#13  surface 

0 

3.3 

8.3 

intact  but 

12 

13.0 

8.1 

rough 

18 

4.0 

8.5 

#19  surface 

0 

2.8 

8.1 

intact  but 

12 

21.0 

8.0 

weak,  not 

17 

6.0 

8.1 

fluffy 
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serious  threat  to  any  of  the  plants.  However,  three  plots  (Nos.  1,  6  and  7) 
7)  had  ECe  values  at  17  inches  depth  that  could  be  a  problem  if  these  values 
persist.  Values  for  pH  were  much  more  uniform  and  ranged  from  8.0  to  8.7. 
Monitoring  will  continue  to  determine  whether  ECe  values  will  increase, 
stablize  or  decrease  with  further  water  harvesting. 

Some  very  interesting  ECe  and  pH  values  were  recorded  from  samples 
of  soil  and  processed  shale  obtained  from  a  furrow/topsoil  study  (referred 
to  as  microtopographic  manipulation).  An  ECe  value  of  6.5  mmhos/cm^  and 
8.2  pH  was  obtained  for  soil  used  in  the  small  furrows;  whereas,  shale 
samples  from  the  bottom  of  the  furrows  had  ECe  values  ranging  from  14  to  152 
although  the  pH  values  were  8.8.  Monitoring  of  this  area  will  also  continue 
to  determine  how  the  salinity  and  pH  change  with  the  kinds  of  weeds  that 
invade  the  site. 

This  is  the  second  growing  season  for  the  plants  field  planted  as 
transplants  the  latter  part  of  April,  1979.  Data  comparing  spring  and  fall 
survival  and  growth  during  these  two  years  are  shown  in  Tables  4.3-8, 
4.3-9,  4.3-10,  and  4.3-11.  Plant  losses  have  been  far  less  than  expected. 
All  plants  except  those  in  the  two  soil  trenches  received  a  tablespoon  of 
20-20-20  water-soluble  fertilizer  on  October  15,  1980  which  was  scattered 
around  the  plant  on  the  soil  surface.  Some  grazing  by  rodents  or  rabbits 
was  noticeable,  especially  on  western  wheatgrass. 

The  plants  growing  best  in  the  soil  trenches  (Table  4.3-8)  are 
greasewood,  fourwing  saltbush,  western  wheatgrass  and  cuneate  saltbush. 
Those  doing  the  poorest  are  shadscale  and  seepweed.   Invaders  into  the  soil 
in  north  and  south  trenches  are  halogeton,  Russian  thistle,  annual  kochia 
(or  bassia),  several  rabbitbrush  seedlings  and  one  perennial  grass  species. 
Halogeton,  annual  kochia  (or  bassia)  and  Russian  thistle  are  the  invaders  in 
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the  processed  shale  pile.  Seedlings  of  prostrate  summer  cypress  were 
growing  around  the  original  transplants  in  the  soil  trenches. 

In  a  study  involving  planting  in  basins  and  on  the  flat  surface 
(Table  4.3-9),  the  most  successful  species  are  fourwing  saltbush,  greasewood 
and  cuneate  saltbush  in  that  order.  Transplant  losses  may  be  due  to  annual 
weeds  growing  in  close  proximity  in  the  flat  planting.  Higher  losses  in  the 
basins  are  probably  due  to  (1)  a  greater  weed  density  (2)  excess,  but 
temporary  moisture  collection  in  the  basins  and  (3)  the  black  shale  residue 
collecting  on  the  leaves  of  plants. 

The  three  saltbushes,  fourwing,  cuneate  and  mat  in  that  order  are 
the  most  successful  in  the  micro-environment  study  (Table  4.3-10).  The  high 
survival  rate  of  the  transplants  in  spite  of  the  high  competition  from  the 
invading  annuals  is  surprising.  Fourwing  saltbush  and  greasewood  appear  the 
best  of  the  species  in  this  study. 

Survival,  growth  and  natural  spread  of  seedlings  from  these  species 
as  well  as  invading  species  will  be  of  great  interest  during  the  next  few 
years.  New  ideas  and  techniques  for  additional  studies  will  be  derived  from 
the  results  being  observed.  During  the  last  two  years  the  study  site  has 
received  a  higher  than  normal  precipitation  which  has  had  a  beneficial 
effect  on  plant  survival. 

F.  Mycorrhizal  Studies  on  Processed  Shale 

Endomycorrhizal  fungi  are  beneficial  fungi  which  form  symbiotic 
associations  (endomycorrhizae)  with  the  roots  of  higher  plants.  One  group 
of  endomycorrhizae,  vesicular-arbuscular  mycorrhizae  (VAM),  are  found  on 
most  plant  species  in  the  arid  and  semiarid  West  (Davidson  and  Christensen 
1977,  Miller  1979,  Reeves  et  al .  1979,  Williams  and  Aldon  1976).  Several 
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studies  (Gerdemann  1968,  1975,  Mosse  1973)  have  confirmed  that  VA 
mycorrhizal  can  increase  plant  growth,  especially  in  infertile  soils  and 
that  such  growth  increases  are   the  result  of  an  enhanced  ability  of 
mycorrhizal  roots  to  absorb  nutrients  and  water.  Evidence  also  indicates 
that  mycorrhizal  plants  may  be  better  equipped  to  withstand  high 
concentrations  of  salts  (Hirrel  and  Gerdemann  1978,  Menge  et  al .  1978)  and 
high  temperatures  (Menge  et  al .  1979).  Thus,  indigenous  endomycorrhizal 
fungi  may  be  an  important  component  of  a  revegetation  program  for  processed 
oil  shale  which  makes  logical  and  effective  use  of  available  natural 
resources.  However,  methods  must  be  developed  to  introduce  endomycorrhizal 
fungi  into  disturbed  sites  (processed  oil  shale  piles  and  disturbed  surface 
soil)  where  they  are  absent.  Seedlings  and  rooted  cuttings  of  native 
species  selected  for  establishment  on  disturbed  sites  on  Tracts  Ua  and  Ub 
can  be  "tailored"  in  the  nursery  with  endomycorrhizal  fungi  known  to  exist 
on  harsh  sites.  This  "tailoring"  concept  is  especially  suited  to  a 
containerized  production  scheme. 

Both  field  and  greenhouse  experiments  have  been  conducted  to 
evaluate  mycorrhizal  effects  as  follows: 

a.  Laboratory  analysis  of  planting  media 

Samples  of  Union  processed  shale  (field  study),  leached  and 
screened  Paraho  processed  shale  (greenhouse  study),  and  disturbed  native 
soil  (field  and  greenhouse  studies)  were  analyzed  for  texture,  pH,  electri- 
cal conductivity  (ECe),  nitrogen,  phosphorus,  potassium,  sodium,  calcium  and 
magnesium  by  the  Utah  State  University  Soils  Laboratory.  Physical  and 
chemical  data  for  the  different  media  are  presented  in  Table  4.3-12. 

b.  Field  Experiments 

(1)  Seventeen  of  the  20  species  examined  on  the  tracts  had 
formed  VAM  associations  (Table  4.3-13).  The  three  nonmycorrhizal  species 
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[halogeton  (Halogeton  glomeratus),  summer  cypress  (Kochia  scoparia),  and 
Russian  thistle  (Salosola  kali)]  are  all  introduced  annuals  which  invade 
recently  disturbed  sites  (including  processed  shale)  on  the  tracts.  There 
appears  to  be  a  correlation  between  the  lack  of  VAM  and  the  ability  to 
invade  recently  disturbed  areas  (Miller  1979,  Reeves  et  al .  1979).   It  may 
be  that  for  invading  species  to  survive  on  disturbed  sites  in  arid  and 
semiarid  environments,  a  ruderal  strategy  (aggressive  weedy  growth  on  an 
area  where  vegetation  cover  has  been  disturbed)  must  be  taken  on,  and  along 
with  this  strategy  there  is  a  loss  of  the  plant's  necessity  for  VAM  (Miller 
1979).  The  stress-tolerant  species  which  form  the  more  stable  successional 
stages  may  require  the  presence  of  mycorrhizal  propagules  to  establish 
themselves  on  disturbed  sites,  and  these  disturbed  sites  may  be  devoid  of 
propagules.  Therefore,  a  successful  reclamation  program  may  depend,  in 
part,  on  developing  methods  to  introduce  endomycorrhizal  fungi  into 
disturbed  areas  where  they  are  absent  (i.e.,  processed  shale  disposal 
piles). 

(2)  Inoculated  plants  had  greater  height,  cover,  and  shoot 
biomass  than  noninoculated  plants  in  both  processed  shale  and  disturbed  soil 
(Table  4.3-14).  Phosphorus  contents  were  also  higher  in  inoculated  plants 
than  in  noninoculated  plants  on  both  types  of  media.  These  differences 
indicate  that  mycorrhizal  fourwing  saltbush  plants  have  a  better  nutritional 
status,  and  hence,  they  may  be  better  adapted  to  grow  on  these  nutrient 
deficient  sites.   In  addition,  enhanced  root  growth  on  inoculated  plants  is 
indirectly  indicated  by  soil/shale  water  potential  readings  taken  beneath 
the  transplants  for  two  growing  seasons  (Figures  4.3-18  and  4.3-19).  The 
roots  of  mycorrhizal  plants  are  probably  using  available  water  in  both 
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Table  4.3-14       Mean   plant  height,   cover,    shoot  biomass,   phosphorus,   nitrogen, 
and  sodium  after  two  growing  seasons   in  the  field  for  fourwing 
saltbush   inoculated  two  ways  and  grown   in  both  soil    and 
processed  shale. 


Planting  Media 


Plant 

Treatment 

Soil 

Non-mycorrhizal 

Height  (cm) 

24.8 

Cover  (cm^) 

9.56 

Biomass  (g) 

11.11 

Phosphorus  {%) 

0.076 

Nitrogen  (%) 

2.33 

Sodium  (jjg/g) 

8600. 

Mycorrhizal 

Height  (cm) 

28. 

Cover  (cm^) 

1265. 

Biomass  (g) 

12.84 

Phosphorus  {%) 

0.088 

Nitrogen  {%) 

2.22 

Sodium  ( ug/g ) 

8040. 

Processed  Shale 

9.8 
169. 
2.55 
0.065 
1.34 
11200. 


16.3 
460. 
5.64 
0.073 
1.40 
8160. 
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processed  shale  and  disturbed  soil  in  a  more  effective  manner  than 
nonmycorrhizal  plants,  as  indicated  by  the  lower  water  potential  readings. 

Nitrogen  contents  were  slightly  higher  in  noninoculated  plants 
in  soil  and  slightly  higher  in  inoculated  plants  in  processed  shale  (Table 
4.3-14).   Inoculated  plants  were  not  expected  to  have  a  significant 
advantage  over  noninoculated  plants  with  respect  to  nitrogen  uptake.  Normal 
mass-flow  and  diffusion  of  the  mobile  nitrate  ion  (NO3")  is  adequate  to 
supply  the  roots  of  plants  whether  the  roots  have  a  large  absorbing  surface 
or  not. 

Sodium  concentrations  were  lower  in  mycorrhizal  plants  than  in 
nonmycorrhizal  plants  on  both  types  of  media  (Table  4.3-14).  VAM  may  have 
improved  the  salt  tolerance  of  fourwing  saltbush  through  improved  P 
nutrition. 

c.  Greenhouse  experiments 

Shoot  biomass  and  height  for  all  four  shrub  species  in  the 
greenhouse  study  followed  the  same  trends  as  observed  in  the  field  study. 
Mycorrhizal  plants  had  significantly  greater  shoot  biomass  and  height  than 
nonmycorrhizal  plants  in  both  soil  and  processed  shale  (Figures  4.3-20A  and 
4.3-21A).  The  inclusion  of  fertilizer  treatments  in  this  experiment 
provided  an  opportunity  to  compare  the  responses  of  native  shrubs  to  VAM  and 
additions  of  N  and  P,  and  to  study  how  the  interactions  between  VAM  and 
added  N  and  P  affect  plant  growth.   In  general,  plant  response  to 
inoculation  with  VAM  fungi  was  similar  to  the  addition  of  34  kg/ha  N  and  P 
(Figures  4.3-20A  and  4.3-20B,  Figures  4.3-21A  and  4.3-21B).   In  addition, 
mycorrhizal  plants  were  more  effective  in  using  applied  P  to  increase  sheet 
biomass  and  height  than  nonmycorrhizal  plants  (Figures  4.3-20C  and  4.3-21C). 
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Figure  4.3-20.  Mean  shoot  biomass  after  a  three-month  growing  period  in 
the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE) 

A.  Showing  interactions  between  inoculation  and  media 
treatments. 


B. 


C3 


00 


o 

1—1 
CO 


o 
o 

X 


2.10a 

2.0  - 
1.5  - 

u_ 

1.28b 

1.0  - 

u. 

z: 

0.86c 

u. 

0.68d 

0.5   • 
0 

z 

SOIL 


SHALE 


Figure  4.3-20. 


Mean  shoot  biomass  after  a  three-month  growing  period  in 
the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE) 


B.   Showing  interactions  between  fertilizer  and  media 
treatments. 
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Mean  shoot  biomass  after  a  three-month  growing  period  in  the 
greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE): 

C.  Showing  interactions  between  inoculation  and  fertilizer 
treatments. 


o 


2.0  -, 


1.5  - 


oo 
oo 

< 
2  1.0 

CO 

I— 
o 

g  0.5 

IS) 


1.95a 


1.86a 


1.12c 


0.79d  0.74d 


ATCA 


ARTR 


CHNA 


SAVE 


Figure  4.3-20. 


Mean  shoot  biomass  after  a  three-month  growing  period  in  the  green- 
house for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE): 

D.  Showing  interactions  between  inoculation  treatments  and 
individual  species. 
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Mean  increase  in  plant  height  after  a  three-month  growing 
period  in  the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA, 
and  SAVE): 


A.  Showing  interactions  between  inoculation  and  media 
treatments. 
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Figure  4.3-21. 


Mean  increase  in  plant  height  after  a  three-month  growing 
period  in  the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA, 
and  SAVE): 

B.  Showing  interactions  between  fertilizer  and  media 
treatments . 
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Fiqure  4.3-21.  Mean  increase  in  plant  height  after  a  three-month  growing 
period  in  the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA 
and  SAVE): 

C.  Showing  interactions  between  inoculation  and  fertilizer 
treatments. 
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Figure  4.3-21.  Mean  increase  in  plant  height  after  a  three-month  growing 
period  in  the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA 
and  SAVE): 

D.  Showing  interactions  between  inoculation  treatments  and 
individual  species. 
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With  the  exception  of  greasewood,  all  shrub  species  inoculated  with  VAM 
fungi  had  significantly  greater  sheet  biomass  and  increases  in  height  than 
noninoculated  controls  (Figures  4.3-20D  and  4.3-21D). 

Increased  growth  with  mycorrhizal  infection  in  nutrient 
deficient  soils  has  been  associated  with  enhanced  nutrient  uptake, 
particularly  the  uptake  of  P.   Inoculated  plants  had  higher  P  contents  than 
noninoculated  controls  (4.3-22A  and  4.3-22B).  P  data,  and  N  and  Na  data, 
were  not  statistically  analyzed  because  weights  of  plant  samples  were  too 
small  for  individual  chemical  analysis,  therefore,  samples  were  pooled  for 
each  treatment  prior  to  analysis.  The  P  content  in  plants  inoculated  with 
VAM  fungi  was  similar  to  that  of  plants  fertilized  with  34  kg/ha  N  and  P 
(Figures  4.3-22A  and  4.3-22B).  When  mycorrhizal  plants  and  nonmycorrhizal 
plants  were  fertilized,  mycorrhizal  plants  were  more  efficient  in  the  uptake 
of  added  P  (Figure  4.3-22C).  Of  the  four  species  in  the  greenhouse 
experiment,  sagebrush  had  the  highest  P  content  (Figure  4.3-22D). 

Inoculation  of  the  four  shrub  species  had  little  effect  on  the 
uptake  of  N  on  both  types  of  media  (Figure  4.3-23A),  whereas  N  uptake  was 
substantially  higher  when  34  kg/ha  was  added  to  soil  and  processed  shale 
(Figure  4.3-23B).   In  contrast  to  P  uptake  by  mycorrhizal  plants,  plants 
with  VAM  did  not  show  an  enhanced  uptake  of  added  N  (Figure  4.3-23C). 
Sagebrush  had  the  highest  N  content  of  the  four  species  in  the  greenhouse 
(Figure  4.3-23D). 

The  effect  of  VAM  on  the  uptake  of  Na  in  the  greenhouse 
differed  from  that  in  the  field.  Mycorrhizal  plants  in  the  greenhouse  had 
higher  Na  concentrations  than  nonmycorrhizal  plants  (Figures  4.3-24A  and 
4.3-24D).  The  addition  of  34  kg/ha  N  and  P  also  enhanced  the  uptake  of  Na 
by  the  four  shrub  species  (Figure  4.3-24B).  As  expected  members  of  the 
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Figure  4.3-22 


Mean  phosphorus  content  after  a  three-month  growing  period 
in  the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE) 

A.  Showing  the  relationship  between  inoculation  and 
media  treatments. 
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Figure  4.3-22 


Mean  phosphorus  content  after  a  three-month  growing  period 
in  the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE) 

B.  Showing  the  relationship  between  fertilizer  and  media 
treatments. 
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C.  Showing  the  relationship  between  inoculation  and 
fertilizer  treatments. 
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Figure  4.3-22 


Mean  phosphorus  content  after  a  three-month  growing  period 
in  the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE): 

D.  Showing  the  relationship  between  inoculation  treatments  and 
individual  species. 
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Figure  4.3-23.  Mean  nitrogen  content  after  a  three-month  growing  period  in 
the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE): 

A.  Showing  the  relationship  between  inoculation  and  media 
treatments. 
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Figure  4.3-23 


Mean  nitrogen  content  after  a  three-month  growing  period  in 
the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE): 

B.  Showing  the  relationship  between  fertilizer  and  media 
treatments. 
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Mean  nitrogen  content  after  a  three-month  growing  period  in 
the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE): 

C.  Showing  the  relationship  between  inoculation  and 
fertilizer  treatments. 
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Figure  4.3-23 


Mean  nitrogen  content  after  a  three-month  growing  period  in 
the  greenhouse  for  four  shrubs  (ARTR,  ATCA,  CHNA  and  SAVE): 

D.  Showing  the  relationship  between  inoculation  treatments 
and  individual  species. 
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Figure  4.3-24.  Mean  sodium  concentration  after  a  three-month  growing  period 
in  the  greenhouse  for  four  shrub  species  (ARTR,  ATCA,  CHNA 
and  SAVE): 

A.  Showing  the  relationship  between  inoculation  and  media 
treatments. 
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Fiaure  4.3-24.  Mean  sodium  concentration  after  a  three-month  growing  period 
in  the  greenhouse  for  four  shrub  species  (ARTR,  ATCA,  CHNA 
and  SAVE): 

B.  Showing  the  relationship  between  fertilizer  and  media 
treatments. 
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Figure  4.3-24 


D. 


40,000 


C3 


O 
O 


Mean  sodium  concentration  after  a  three-month  growing  period 
in  the  greenhouse  for  four  shrub  species  (ARTR,  ATCA,  CHNA 
and  SAVE): 

C.  Showing  the  relationship  between  inoculation  and 
fertilizer  treatments. 
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Figure  4.3-24 


Mean  sodium  concentration  after  a  three-month  growing  period 
in  the  greenhouse  for  four  shrub  species  (ARTR,  ATCA,  CHNA 
and  SAVE): 

D.  Showing  the  relationship  between  inoculation  treatments 
and  individual  species. 


4.3-67 


Chenopodiaceae  (fourwing  saltbush  and  greasewood)  accumulated  substantially 
more  Na  than  members  of  the  Asterazeae  (sagebrush  and  rabbitbrush)  (Figure 
4.3-24D).  By  accumulating  salts  and  lowering  their  internal  leaf  osmotic 
potential,  these  halophytes  can  maintain  a  positive  turgor  while  creating  a 
sufficient  water  potential  gradient  to  absorb  water  from  saline  media. 

VAM  do  not  appear  to  have  a  significant  effect  on  the  survival 
rate  of  fourwing  saltbush  in  the  field  or  of  the  four  shrub  species  in  the 
greenhouse.  Five  replications  per  treatment  may  not  provide  a  sample  size 
large  enough  to  adequately  determine  survivability  under  variable  field 
conditions.  No  differences  in  survival  rate  were  expected  between 
treatments  under  the  controlled  conditions  of  the  greenhouse. 

From  this  study  of  mycorrhizal  effects  it  may  be  concluded  that 
the  majority  of  the  plant  species  examined  on  Tracts  Ua  and  Ub  form 
associations  with  VA  mycorrhizal  fungi.  The  infection  potential  of 
disturbed  soil  is  slightly  less  that  that  of  undisturbed  soil.  Processed 
shale  is  devoid  of  viable  mycorrhizal  propagules,  and  hence  has  no 
mycorrhizal  infection  potential. 

Experiments  with  processed  shale  and  disturbed  native  soil 
demonstrate  that  plants  inoculated  with  VA  mycorrhizal  fungi  have  greater 
heights,  shoot  biomass,  and  cover  than  noninoculated  controls.  This 
enhancement  of  growth  is  attributed  to  an  increased  nutritional  status 
brought  about  by  the  endornycorrizal  association.  Higher  phosphorus  contents 
in  inoculated  plants  growing  in  both  types  of  media  support  this  conclusion. 
Nitrogen  contents  and  sodium  concentrations  in  inoculated  and  noninoculated 
plants  did  not  follow  consistent  patterns  with  regard  to  media  type  or 
fertilization  level  in  the  greenhouse  experiment.  Survival  rate  was  not 
significantly  different  between  inoculated  and  noninoculated  plants  on  both 
types  of  media  in  the  field  or  in  the  greenhouse. 
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4.3.2  Terrestrial  Vertebrates 

Terrestrial  vertebrates  (amphibians,  reptiles,  birds,  and  mammals)  have 
been  monitored  continuously  since  1975  on  Tracts  Ua  and  Ub.  The  following 
discussion  presents  the  data  collected  during  Interim  monitoring  year  1980 
and  its  relationship  to  data  collected  in  previous  years,  including  the 
Baseline  program.  The  terrestrial  vertebrate  program  is  conducted  by 
Bio-Resources,  Inc.,  of  Logan,  Utah  under  the  direction  of  Dr.  C.  V.  Grant. 

4.3.2.1  Objectives.  The  principal  objective  of  the  continuing  Interim 
monitoring  program  was  to  follow  and  analyze  trends  in  terrestrial 
vertebrate  populations  on  tract  in  compliance  with  lease  related 
environmental  stipulations.  This  was  a  prerequisite  requirement  to  allow 
evaluation  of  the  impacts  of  oil  shale  development  on  tract  and  to  determine 
the  effectiveness  of  reclamation  plans  for  the  tracts. 

The  specific  actions  to  be  taken  to  meet  the  objective  were  as  follows: 

1.  Establish  a  species  inventory  of  mammals,  birds,  reptiles  and 
amphibians. 

2.  Establish  species  distribution  by  vegetation  community. 

3.  Establish  species  distribution  by  season. 

4.  Establish  species  density  or  abundance. 

5.  Establish  the  relationships  of  the  terrestrial  vertebrates  to 
their  biotic  and  abiotic  environments. 

A  number  of  other  important  questions  and  relationships  were  to  be 
evaluated  through  this  program.  Namely: 

1.  Establish  on  an  annual  basis,  the  limits  of  vertebrate  density  and 
abundance. 

2.  Define  the  important  vegetation  communities  (habitats)  for 
vertebrates. 
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3.  Define  the  important  seasons  for  the  vertebrates. 

4.  Establish  which  habitats  and  seasons  are  critical  for: 

a.  economically  important  species  (game  and  furbearers), 

b.  the  threatened  and  endangered  species, 

c.  the  migratory  species. 

5.  Define  which  areas  are  important  for  egress  and  ingress  to  the 
tracts. 

These  objectives  aid  in  establishing  criteria  for  monitoring  the 
vertebrates  during  tract  development  and  mining  operation  and  in 
establishing  criteria  for  reclaiming  and  rehabilitating  the  vertebrate 
populations  on  the  tracts. 

4.3.2.2  Methods.  Sampling  methodology  used  during  1980  was  identical 
to  previous  years  and  described  in  previous  annual  Environmental  Programs 
Monitoring  Reports.  Vertebrate  sampling  was  keyed  to  the  four  primary 
vegetation  communities  (Figure  4.3-25).  All  invertebrates  encountered  were 
identified  to  establish  a  species  inventory.  Sampling  sites  in  each 
vegetation  community  permitted  determination  of  spatial  distribution, 
abundance,  and  density.  Sampling  periods  continued  to  be  February,  April, 
June,  August  and  October  for  temporal  distribution. 

Following  is  a  brief  summary  of  the  sampling  procedures  used: 

1.  Amphibians  -  Opportunistic  sampling 

2.  Reptiles  -  Flushing  transects  during  June  and  August 

3.  Birds  -  Flushing  transects 

4.  Mammals  -  Flushing  transects,  trapping,  and  mist  netting.  Studies 
of  insects  (prey  base  of  bats)  were  included  in  the  1980  program.   Insects 
were  captured  in  Asphalt  Wash  using  a  light  trap  patterned  after  the 
Minnesota  trap  (Frost  1956).  Our  trap  was  constructed  of  quarter  inch 
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plexiglass  with  four  8  x  12  inch  baffles  and  a  flat  plexiglass  roof  14  x  14 
inches  to  prevent  rain  from  interferring  with  captures.  A  Westinghouse 
F8/T5  watt  blackl ight-blue  flourescent  tube  was  used  and  powered  by  two 
69-volt  batteries  to  render  the  trap  capable  of  operation  away  from 
conventional  power  services.  A  galvanized  sheet  metal  funnel  with  a  jar 
containing  95  percent  ethanol  was  positioned  below  the  trap.  The  trap  was 
hung  0.6  meters  (2  feet)  above  the  water's  surface,  by  a  standard  made  of 
0.5  inch  electrical  metallic  tubing  (thinwall  conduit)  which  also 
accommodated  the  power  pack.  The  trap  and  stand  were  set  in  the  water 
approximately  2  meters  (6.6  feet)  from  shore. 

The  trap  was  operated  for  five  and  four  nights  in  June  and  August, 
1980,  respectively.   It  was  turned  on  at  2000  hours  and  off  at  0400  hours 
approximately,  depending  on  each  month.  Kill  jars  were  exchanged  every  hour 
and  a  half  by  the  field  personnel  and  samples  were  labelled  for  date,  time 
and  temperature  of  sample  period.  The  samples  were  sorted  in  95%  ethanol 
and  identified  to  family  at  a  later  date.  Total  numbers  and  average  body 
lengths  were  compiled  for  each  family.   Some  insects,  due  to  their  catch  in 
small  numbers  were  only  taken  to  the  ordinal,  subordinal,  or  divisional 
level . 

4.3.2.3  Summary  of  Results 

A.  Amphibians 

Five  species  of  amphibians  have  been  found  on  the  tracts  since 
1975.  Table  4.3-15  shows  the  results  by  habitat  type.  The  highest 
concentration  of  amphibians  occurred  in  the  riparian  community  along  the 
White  River.  The  two  frog  species  identified  in  the  studies  were  restricted 
to  this  community.  The  three  toads  were  found  in  stock  ponds  and  large 
natural  water  catchments  in  all  habitat  types.  Since  these  species  were  few 

4.3-72 


Table  4.3-15   Amphibian  habitat  distribution  and  abundance  on  the  Utah  Oil 
Shale  Tracts,  Ua  and  Ub. 


1  -  Common 

2  -  Uncommon 

3  -  Rare 

4  -  Occasional 


X  -  Present 
-  -  Absent 


Abundance  of  Habitat 

Sagebrush-  Shadscale  Juniper  Riparian 
Greasewood 


SPECIES 

Great  Basin  Spadefoot 
Scaphiopus  intermontanus 

Woodhouse's  Toad 
Bufo  woodhousei 


Red-spotted  Road 
Bufo  punctatus 

Chorus  Frog 

Pseudacris  triseriata 

Leopard  Frog 
Rana  pipiens 


in  number,  scattered  in  distribution,  and  seasonal  temporal  activity  varied 
considerably  from  year  to  year,  no  quantitative  or  statistically  valid 
estimates  of  abundance  were  possible. 

Based  on  opportunistic  visual  and  auditory  cues,  peak  abundance 
occurred  in  1975  and  1976.  With  the  onset  of  the  drought  in  1977, 
encounters  decreased  markedly  and  have  been  minimal  through  1980. 

B.  Reptiles 

Six  lizard  species  and  five  snake  species  comprise  the  reptilian 
community  identified  on  the  tracts  (Table  4.3-16).  The  milk  snake 
(Lampropeltis  triangulum)  was  found  near  the  tracts  (VTN  1977)  and  in  the 
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Table  4.3-16.    Reptilian  habitat  distribution  and  abundance  on 
the  Utah  Oil  Shale  Tracts,  Ua  and  Ub,  Uintah  County 


X  Present 
-  Absent 


PERMANENT  RESIDENTS 
Consistent  Species 

Eastern  Fence  Lizard 
Sceloporus  undulatus 

Sagebrush  Lizard 
Sceloporus  graciosus 

Side-blotched  Lizard 
Uta  stansburniana 

Tree  Lizard 

Urosaurus  ornatus 

Short-horned  Lizard 
Phrynosoma  douglassi 

Western  Whiptail 

Cnemidophorus  tigris 

Racer 
Coluber  constrictor 

Striped  Whipsnake 
Masticophis  taeniatus 

Gopher  Snake 
Pituophis  melanoleucus 

Western  Terrestrial 
Gartner  Snake 
Thamnophis  elegans 

Western  Rattlesnake 
Crotalus  viridis 


Sagebrush- 
greasewood 


0.0610.11 

2.0±0.C 

0.2±0.2 

X 

0.02±0.04 
0.7±0.5 


0.02±0.06 
0. OHO. 03 


Abundance  by  Habitat 
Number/Ki lometer 

Shadscale    Juniper    Riparian 


0.2±0.3     0.5±0.2     0.6±0.3 
2.0+0.9     2.8±1.4     1.0±0.7 


1.5±1.5     1.8±0.9 


0.05±0.1     0.3±0.4 


0.U0.2    0.02±0.06 


0.9±1.0    0.9±0.7 


0.02±0.04 


0.3±0.4 


0.2±0.2 


0.8±0.9 


0.H0.1 


0.02±0.04 


0.07±0.09 


0.0U0.03   0.01±0.03    0.06±0.07 


0.03±0.1    0.02±0.04 


0.02±0.04 


Total  Abundance 
Total  Species 

1  Standard  Deviation 
Evacuation  Creek  only 


3.8 
9 
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4.81 
9 


6.35 
9 


3.10 
10 


basin  (Tanner  1947).  The  night  snake  (Hypsiglena  torquata)  occurs  in  the 
basin  (Stebbins  1966)  but  none  were  found  on  the  tracts. 

Through  six  years  of  study  based  almost  exclusively  on  lizards, 
reptilian  abundance  was  highest  in  the  juniper  community  (7-3  reptiles  per 
km),  as  compared  to  5-5  per  km  in  shadscale,  3-2  per  km  in  sagebrush- 
greasewood,  and  3-3  per  km  in  riparian  (n=112,  p<0.05,  F=7.41). 

Although  the  riparian  community  supported  the  lowest  reptilian 
abundance,  it  supported  the  highest  number  of  species  (6±2  species) 
compared  to  the  two  shrub  communities  (i.e.,  4±1  species  in  sagebrush- 
greasewood,  and  4±2  species  in  shadscale  [n=48,  p<0.05,  F=4. 29] ) . 
Riparian  species  richness  did  not  differ  significantly  from  juniper  species 
richness,  but  the  juniper  community  did  support  more  species  than  sagebrush- 
greasewood. 

Within  the  four  habitat  types,  reptilian  abundance  between  years 
did  not  change  significantly  (Fig.  4.3-26);  nor  did  species  richness. 
Annual  abundance  ranged  from  6-3  reptiles  per  km  in  1977  (the  drought 
year)  to  3-1  reptiles  per  km  in  1979.  Species  richness  ranged  from  4±2 
species  in  1976  to  5-1  species  in  1979. 

C.  Birds 

From  1975-1980,  143  species  of  birds  nested,  wintered  and  visited 
the  oil  shale  tracts.   In  this  six  year  span,  65  species  (45%)  occurred 
consistently.  Of  these  there  were  16  permanent  residents,  41  summer 
residents,  two  winter  residents  and  six  migrants/transients.  Five 
additional  species  occurred  in  the  immediate  area  but  ouside  the  1.6  km 
boundary  (Table  4.3-17). 

Avian  use  patterns  were  centered  in  the  riparian  community  (Fig. 
4.3-27).  Abundance  through  seasons  and  years  averaged  34-24  birds  per  km 
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Table  4.3-17 

The  avifauna,  their  temporal  and  spatial  distribution, 
on  the  Utah  Oil  Shale  Tracts,  Ua  and  Ub, 
Uintah  County.  Consistent  species 
are  those  present  through  six  years. 


X  Present 
-  Absent 

PERMANENT  RESIDENTS 


Abundance  by  Habitat  Type 
Number/Kilometer±SD 


Sagebrush-    Shadscale    Juniper    Riparian 
greasewood 


Consistent  Species  (16  spp) 

Red-tailed  Hawk 
Buteo  jamaicensis 

Golden  Eagle 
Aguila  chrysaetos 

Northern  Harrier  (Marsh  Hawk) 
Circus  cyaneus 

Prairie  Falcon 
Fa! co  mexicanus 

Great  Horned  Owl 
Bubo  virginianus 

Common  Flicker 
Colaptes  auratus 

Hairy  Woodpecker 
Picoides  villosus 

Downy  Woodpecker 
Picoides  pubescens 

Horned  Lark 
Eremophilus  aipestris 

Scrub  Jay 
Aphelocoma  coerulescens 


<0.1 

<0.1 

<0.1 

0.1±0.2 

0.1±0.2 

<0.1 

<0.1 

0.U0.2 

X 

<0.1 

X 

X 

<0.1 

<0.1 

X 

<0.1 

X 

X 

<0.1 

0.1±0.2 

0.1±0.1 

<0.1 

0.U0.2 

0.8±0.9 

_ 

. 

0.1±0.2 

0.2±0.6 
<0.1 


1.7±3.9 


0.2±0.2 


<0.1     0.4±1.8 


<0.1 


<0.1 
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Table  4.3-  17  (cont.) 
Permanent  Residents  (cont.) 


X  Present 
-  Absent 


Abundance  by  Habitat  Type 
Number/ Kilometer±SD 


Sagebrush-   Shadscale 
greasewood 


SUMMER  RESIDENTS 
Consistent  Species  (41  spp) 


Juniper   Riparian 


Black-billed  Magpie 

0.4±0.5 

<0.1 

0.2±0.2 

1.5±1.3 

Pica  pica 

Common  Raven 

0.2±0.4 

<0.1 

0.1+0.2 

0.1±0.2 

Corvus  corax 

Piflon  Jay 
Gymnorhinus  cyanoceph 

iali 

JS 

3.2±5.0 

0.3±1.2 

2.5±3.4 

<0.1 

Black-capped  Chickadee 
Parus  atricapillus 

<0.1 

X 

<0.1 

0.8±1.0 

Plain  Titmouse 
Parus  inornatus 

0.U0.2 

- 

0.4±0.4 

X 

Song  Sparrow 
Melospiza  melodia 

X 

- 

- 

X 

Inconsistent  Species 

(2 

spp) 

Long-eared  Owl  (2  yr) 
Asio  otus 

- 

- 

- 

X 

Canon  Wren  (5  yr) 
Catherpes  mexicanus 

<0.1 

X 

<0.1 

X 

Canada  Goose 

Branta  canadensis 

- 

- 

- 

1.4+1.3 

Turkey  Vulture 
Cathartes  aura 

X 

<0.1 

X 

0.4±0.8 

American  Kestrel 
Falco  sparverius 

0.U0.2 

0.1±0.1 

0.U0.1 

0.4±0.3 

Kill  deer 
Charadrius  vociferus 

- 

X 

- 

0.1±0.2 
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Table  4.3-17  (cont.) 
Summer  Residents  (cont.) 


Spotted  Sandpiper 
Actitus  macularia 

Mourning  Dove 
Zenaida  macroura 

Poor-will 
Phalaenoptilus  nuttallii 

Common  Nighthawk 
Chordeiles  minor 

White-throated  Swift 
Aeronautes  saxa talis 

Broad-tailed  Hummingbird 
Selasphorus  platycercus 

Ash-throated  Flycatcher 
Myiarchus  cinerascens 

Say's  Phoebe 
Sayornis  say a 

Willow  Flycatcher 
Empidonax  trail! ii 

Gray  Flycatcher 
Empidonax  wrightii 

Western  Wood  Peewee 
Contopus  sordidulus 

Violet-green  Swallow 
Tachycineta  thalassina 

Clift  Swallow 
Petrochelidon  pyrrhonota 

House  Wren 
Troglodytes  aedon 


X  Present 
-  Absent 


Sagebrush- 
greasewood 


1.2±2.6 


0.3±0.4 


<0.1 


<0.1 


0.4±0.4 


0.2±0.2 


O.liO.2 


<0.1 


Abundance  by  Habitat  Type 
Number/KilometenSD 

Shadscale    Juniper   Riparian 


0.8±0.8 


0.4±0.5 


0.5±0.7 


0.1±0.3 


<0.1 


0.1±0.1 


<0.1 


<0.1 


0.9±0.6   2. 0±1. 5 


0.7±0.8   2.8±5.5 


0.1±0.2   0.2±0.4 


<0.1     0.2±0.3 


0.1±0.2   0.5±0.6 


0.2±0.2   0.2±0.3 


0.2±0.2 


0.8±0.6    <0.1 


<0.1     0.3±0.3 


0.1±0.2 


<0.1    10.3±16.3 


0.2±0.3 


4.3-79 


Table  4.3-17  (cont.) 
Summer  Residents  (cont.) 


Rock  Wren 
Salpinctes  obsoletus 

Sage  Thrasher 
Orescoptes  montanus 

American  Robin 
Turdus  migratorius 

Mountain  Bluebird 
Sial ia  currocoides 

Blue-gray  Gnatcatcher 
Poliptila  caerulea 

Loggerhead  Shrike 
Lanius  ludovicianus 

Starling 
Sturnus  vulgaris 

Yellow  Warbler 
Dendroica  petechia 

Black- throated  Gray  Warbler 
Dendroica  nigrescens 

Yellow-breasted  Chat 
Icteria  virens 

Western  Meadowlark 
Sturnella  neglecta 

Red-winged  Blackbird 
Agelaius  phoeniceus 

Northern  Oriole 
Icterus  galbula 

Brewer's  Blackbird 
Euphagus  cyanocephalus 


X  Present 
-  Absent 


Sagebrush- 
greasewood 

2.0±1.1 


0.U0.3 


0.1±0.1 


<0.1 


0.3±0.3 


0.1±0.3 


0.1±0.1 


0.4±0.5 


<0.1 


Abundance  by  Habitat  Type 
Number/Ki lometer±SD 

Shadscale    Juniper   Riparian 


0.9±0.5 


0.3±0.3 


0.9±1.3    <0.1±0.2 


<0.1 


0.6±0.5 


<0.1 


1.6+1.2 


0.2±0.7 


<0.1 


0.9±0.5   0.5±0.5 
<0.1 

0.1±0.2   2.3±1.3 
0.8±0.6   0.2+0.5 
0.5±0.7   1.3±0.6 
<0.1       X 
<0.1     1.8±2.4 
3.6±2.4 
0.7±0.8   O.UO.l 
0.7±0.6 
0.2±0.3 
<0.1 
0.9+1.1 
<0.1  0.2    <0.1 
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Table  4.3-17  (cont.) 
Summer  Residents  (cont.) 


X   Present 
Absent 


Sagebrush- 
greasewood 


Brown- headed  Cowbird 
Molothrus  ater 

Blue  Grosbeak 
Guiraca  caerulea 

House  Finch 
Carpodacus  mexicanus 

Rufous-sided  Towhee 
Pipilo  erythrophthalmus 

Lark  Sparrow 
Chondestes  grammacus 

Black- throated  Sparrow 
Amphispiza  bilineata 

Sage  Sparrow 
Amphispiza  belli 

Chipping  Sparrow 
Spizella  passerina 

Brewer's  Sparrow 
Spizella  brewer i 

Inconsistent  Species  (21  spp) 


0.2±0.4 
<0.1 
0.3±0.3 
1.6±0.9 
0.6±1.4 
0.4±0.7 
1.2±2.2 


Abundance  by  Habitat  Type 
Number/Ki lometer±SD 

Shadscale    Juniper   Riparian 


0.U0.3   2.4±2.4 


0.2±0.3 


<0.1 


<0.1 


0.6±0.8 


0.6±0.6 


1.4±1.2 


0.3±0.8 


1.4±1.5   3.1±5.3 


2.1+1.7 


0.1±0.3   0.7±0.9 


0.4±0.5   0.U0.2 


<0.1 


0.8±1.1   0.2±0.4 


0.2±0.4   0.6±1.4 


Great  Blue  Heron  (5  yr) 
Ardea  herodias 

™ 

— 

™ 

<0.1 

Sharp-shinned  Hawk  (5  yr) 
Accipiter  striatus 

X 

X 

<0.1 

X 

Cooper's  Hawk  (5  yr) 
Accipiter  cooperii 

X 

X 

X 

<0.1 

Virginia  Rail  (1  yr)1 
Rallus  limicola 

- 

- 

- 

X 

Yellow-billed  Cuckoo  (1  yr) 

_ 

_ 

_ 

<0.1 

Coccyzus  americanus 
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Table  4.3-17  (cont.) 
Summer  Residents  (cont.) 


X  Present 
-  Absent 


Sagebrush- 
greasewood 

Black-chinned  Hummingbird  (2  yr)  <0.1 
Archilochus  alexandri 

Eastern  Kingbird  (2  yr)         <0.1 
Tyrannus  tyrannus 

Western  Kingbird  (5  yr)         <0.1 
Tyrannus  vertical  is 

Rough-winged  Swallow  (5  yr)        X 
Stelgidopteryx  ruficollis 

Barn  Swallow 
Hirundo  rustica 

Bewick's  Wren  (5  yr)  <0.1 

Thryomanes  bewickii 

Long-billed  Marsh  Wren  (2  yr)1 
Cistothorus  palustris 

Mockingbird  (3  yr)  0.1±0.4 

Mimus  polyglottis 

Black- tailed  Gnatcatcher  (1  yr)   <0.1 
Polioptila  melanura 

Cedar  Waxwing  (4  yr) 
Bombyc ilia  cedorum 

Solitary  Vireo  (5  yr) 
Vireo  solitarius 

Warbling  Vireo  (5  yr) 
Vireo  gilvus 

Orange-crowned  Warbler  (4  yr) 
Vermivora  celata 


Abundance  by  Habitat  Type 
Number/KilometeriSD 

Shadscale    Juniper   Riparian 


X 
<0.1 
0.2±0.5 


<0.1 
X 
X 


<0.1 


<0.1 


<0.1 
<0.1 
<0.1 


<0.1     0.3±0.6 


0.1±0.3    <0.1 


0.1±0.3 
0.4±1.0 
0.1±0.2 
0.2±0.2 
0.U0.1 


1Pond  in  Asphalt  Wash 
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Table  4.3-17  (cont.) 
Summer  Residents  (cont.) 


X  Present 
-  Absent 


Sagebrush- 
greasewood 


X 
X 


<0.1 
<0.1 


Virginia's  Warbler  (2  yr) 
Vermivora  virginiae 

Yellow-rumped  Warbler  (4  yr) 
Dendroica  coronata 

MacGillivray's  Warbler  (2  yr) 
Oporornis  tolmiei 

Common  Yellowthroat  (3  yr) 
Geothlypis  trichas 

Scott's  Oriole  (4  yr) 
Icterus  parisorum 

Western  Tanager  (5  yr) 
Piranga  ludoviciana 

Black-headed  Grosbeak  (4  yr) 
Pheucticus  melanocephalus 

Lazuli  Bunting  (4  yr) 
Passerina  amoena 

American  Goldfinch  (5  yr) 
Carduelis  tristis 


WINTER  RESIDENTS 

Consistent  Species  (2  spp) 

Bald  Eagle 
Haliaeetus  leucocephalus 


Dark-eyed  Junco 
Junco  hyemalis 

Inconsistent  Species  (7  spp) 

Goshawk  (4  yr) 
Accipiter  gentilis 


1.7+5.1 


Abundance  by  Habitat  Type 
Number/ Kilometer±SD 


Shadscale 


X 
0.1±0.2 


uniper 

Riparian 

- 

0.2±G.5 

X 

0.1+0.1 

- 

<0.1 

- 

<0.1 

X 

- 

<0.1 

0.3±0.4 

- 

0.3±0.4 

- 

0.4±0.9 

<0.1 

0.3±0.5 

2.3±5.5 


0.1±0.2 
4.0±8.0 


0.U0.1 
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Table  4.3-17  (cont.) 
Winter  Residents  (cont.) 


X  Present 
-  Absent 


Abundance  by  Habitat  Type 
N  umber/  Ki  lometenSD 


Sagebrush- 
greasewood 

Shadscale 

Juniper 

Riparian 

Rough-legged  Hawk  (3  yr) 
Buteo  lagopus 

X 

X 

X 

<0.1 

Bushtit  (3  yr) 

Psaltriparus  minimus 

X 

- 

X 

0.2±0.6 

Northern  Shrike  (2  yr) 
Lanius  excubitor 

X 

X 

- 

X 

Gray-crowned  Rosy  Finch  (2  yr) 
Leucosticte  tephrocotis 

X 

X 

X 

X 

Black  Rosy  Finch  (5  yr) 
Leucosticte  atrata 

0.9±3.0 

0.1±0.3 

1.0±3.5 

2.8±9.6 

Tree  Sparrow  (2  yr) 
Spizella  arborea 

X 

- 

- 

0.4±1.4 

TRANSIENTS  and  MIGRANTS 

Consistent  Species  (6  spp) 

Mallard 

Anas  platyrhnychos 

Green-winged  Teal 
Anas  crecca 

Common  Merganser 
Mergus  merganser 

Belted  Kingfisher 
Megaceryle  alcyon 

Vesper  Sparrow  0.3±0.8     0.1±0.2 

Pooecetes  gr amine us 

White-crowned  Sparrow  0.2±0.4 

Zonotrichia  leucophrys 


0.U0.2 
0.2±0.3 
0.U0.2 
0.U0.1 

X 
0.7±1.3 
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Table  4.3-17  (cont.) 

Transients  and  Migrants  (cont.) 

X  Present 
-  Absent 


Abundance  by  Habitat  Type 
Number/Ki1ometer±SD 


Sagebrush-   Shadscale    Juniper   Riparian 
greasewood 

Inconsistent  Species  (42  spp) 

Snowy  Egret  (1  yr)  -         -  -        X 

Egretta  thula 

Gadwall  (2  yr)  -         -  X 

Anas  strepera 

Pintail  (1  yr)  -  X 

Anas  acuta 

Blue-winged  Teal  (2  yrs)  -         -  -        X 

Anas  discors 

Cinnamon  Teal  (2  yr)  -         -         -      <0.1 

Anas  cyanoptera 

American  Wigeon  (1  yr)  -  -        X 

Anas  americana 

Northern  Shoveler  (1  yr)  -         -  X 

Anas  clypeata 

Swainson's  Hawk  (2  yr)  <0.1        X 

Buteo  swainsoni 

Peregrine  Falcon  (1  yr)  X         -  X 

Fa! co  peregrinus 

Merlin  (1  yr)  -  -        X 

Falco  columbaris 

Ring-necked  Pheasant  (1  yr)        X  X 

Phasianus  colchicus 

Chukar  (1  yr)  X 

Alectoris  chukar 

Whooping  Crane  (1  yr)  Flying  over  Tracts,  Ua  and  Ub 

Grus  americanus 
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Table  4.3-  17  (cont.) 
Transients  and  Migrants  (cont.) 


X  Present 
-  Absent 


Abundance  by  Habitat  Type 
N  umber/ KilometenSD 


Sagebrush- 
greasewood 


Sandhill  Crane  (4  yr) 
Grus  canadensis 

Common  Snipe  (1  yr) 
Capella  gallinago 

Greater  Yellowlegs  (3  yr) 
Tringa  melanoleucus 

American  Avocet  (2  yr) 
Recurvi rostra  americana 

Short-eared  Owl   (3  yr) 
Asio  flammeus 

Yellow-bellied  Sapsucker  (2  yr) 
Sphyrapicus  varius 

Eastern  Phoebe  (2  yr) 
Sayornis  phoebe 

Olive-sided  Flycatcher  (1  yr) 
Nuttallornis  boreal  is 

Tree  Swallow  (2  yr) 
Tridoprocne  bicolor 

Common  Crow  (2  yr) 
Corvus  brachyrhynchos 

Clark's  Nutcracker  (1  yr) 
Nucifraga  columbiana 

Mountain  Chickadee  (2  yr) 
Parus  gambeli 

White-breasted  Nuthatch  (3  yr) 
Sitta  carol inens is 

Red-breasted  Nuthatch  (3  yr) 
Sitta  canadensis 


Shadscale 
Hying  over  Tracts 


Juniper 


Riparian 
<0.1 


<0.1 


0.U0.3 


<0.1 


<0.1 


<0.1 

- 

<0.1 

0.1±0.4 

- 

0.1±0.2 

<0.1 

<0.1 
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Table  4.3-17  (cont.) 
Transients  and  Migrants  (cont.) 


Brown  Creeper  (3  yr) 
Certhia  fami 1 i  ari  s 

Hermit  Thrush  (3  yr) 
Catharus  guttatus 

Swainson's  Thrush  (3  yr) 
Catharus  ustulatus 

Western  Bluebird  (2  yr) 
Si  alia  mexicana 

Townsend's  Solitaire  (5  yr) 
Myadestes  townsendi 

Ruby-crowned  Kinglet  (5  yr) 
Regulus  calendula 

Water  Pipit  (3  yr) 
Anthus  spinoletta 

Red-eyed  Vireo  (1  yr) 
Vireo  olivaceous 

Townsend's  Warbler  (2  yr) 
Dendroica  townsendi 

Wilson's  Warbler  (3  yr) 
Wilsonia  pus  ilia 

Rose-breasted  Grosbeak  (1  yr) 
Pheuctitus  ludovicianus 

Pine  Siskin  (3  yr) 
Carduelis  pinus 

Green-tailed  Towhee  (3  yr) 
Pipilo  chlorura 

Savannah  Sparrow  (1  yr) 
Passerculus  sandwichensis 


X  Present 
-  Absent 


Sagebrush- 
greasewood 


<0.1 


<0.1 
<0.1 


Abundance  by  Habitat  Type 
Number/Ki 1 ometer±SD 

Shadscale    Juniper   Riparian 


<0.1 


<0.1 


<0.1 


- 

<0.1 

X 

<0.1 

<0.1 

0.2±0.4 

<0.1 

0.2±0.5 

X 

X 

- 

X 

- 

0.1±0.3 

- 

<0.1 

X 

- 

X 

<0.1 

. 

0.U0.2 
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Table  4.3-17  (cont.) 
Transients  and  Migrants  (cont.) 


X  Present 
-  Absent 


Abundance  by  Habitat  Type 
Number/Kilometer±SD 


Sagebrush- 
greasewood 

Shadscale 

Juniper 

Riparian 

Gray-headed  Junco  (5  yr) 
Junco  caniceps 

<0.1 
OFF-TRACT  SPECIES 

<0.1 

0.1±0.3 

Ferruginous  Hawk  (2  yr) 
Buteo  regal  is 

X 

X 

X 

- 

Burrowing  Owl  (5  yr) 
Athene  cunicularia 

- 

X 

- 

- 

Bendire's  Thrasher  (1  yr) 
To xo stoma  bendirei 

X 

- 

- 

- 

Lesser  Goldfinch  (1  yr) 
Carduelis  psaltria 

- 

- 

- 

X 

Lark  Bunting  (5  yr) 
Calmospiza  melanocorys 

- 

X 

- 

- 

PREVIOUSLY  REPORTED  SPECIES 

Reference 


Common  Goldeneye 
Bucephala  clangula 

Buffi ehead 
Bucephala  albeola 

Sage  Grouse 
Centrocoreus  urophasianus 

Mountain  Plover 
Charadrius  montanus 


Vaux's  Swift 
Chaetura  vauxi 


Olsen  1973 

01  sen  1973 

Moon  Lake  EIS,  1980 

Moon  Lake  EIS,  1980 

Olsen  1973 
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Table  4.3-17  (cont.) 

Previously  Reported  Species  (cont.) 

Reference 


Bay-breasted  Warbler  Behle  and  Perry  1975 

Dendroica  castanea 

American  Redstart  Behle  and  Perry  1975 

Setophaga  ruticilla 
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along  the  White  River  and  Evacuation  Creek  (n=116,  p<0.01,  F=20.92). 
Abundance  was  lowest  in  the  upland  juniper  community,  8t5  birds  per  km. 
The  number  of  species  through  seasons  and  years  was  also  highest  in  the 
riparian  community  at  25-12  species  (n  =  116,  p-^0.01,  F=24.75). 
Sagebrush-greasewood  and  juniper  supported  12-6  species,  respectively,  and 
shadscale,  9-5  species.  To  amplify  the  importance  of  a  riparian  zone  to 
the  bird  community,  93  percent  of  the  total  species  were  encountered  in  the 
riparian  community  at  one  time  or  another.  The  poor-will  (Phalaenoptilus 
nuttall i  i )  and  the  sage  thrasher  (Oreoscoptes  montanus)  in  the  consistent 
category  and  the  mockingbird  (Minmus  polyglottis) ,  and  Scott's  oriole 
(Icterus  parisorum)  plus  five  other  occasional  species  in  the  inconsistent 
category  were  encountered  exclusively  in  the  dry  upland  habitats. 

In  the  two  wooded  communities  avain  abundance  peaked  in  June  at 
64±24  birds  per  km  in  the  riparian  community  (n=29,  p^O.Ol,  F=3. 18)  and 
17t6  birds  per  km  in  the  juniper  (n=29,  p<0.01,  F=5. 71)  as  shown  in  Figure 
4.3-28.  Abundance  in  two  shrub  communities  did  not  change  appreciably  from 
season  to  season. 

As  would  be  expected  species  richness  was  highest  in  June  and 
lowest  in  February  in  all  habitats  (p<0.01)  as  shown  in  Figure  4.3-29. 
Richness  in  April  and  August  consistently  exceeded  richness  in  October  in 
all  habitats  (p<0.05)  whereas  April  and  August  richness  were  equivalent  in 
all  but  the  juniper  community  (p<0.05). 

Annual  changes  in  avian  abundance  and  species  richness  were 
equivalent.  Although  abundance  in  1975  during  the  bloom  was  highest  in  six 
years  at  25-26  birds  per  km  and  lowest  in  1977  during  the  drought  at 
13tl8  birds  per  km,  no  statistical  differences  were  generated  in  the 
analysis.  Annual  abundance  was  equivalent  within  all  seasons  except  June  at 
44  birds  per  km  (p<0.10).  June  abundance  from  1976-1980  was  stable,  ranging 
from  20-25  birds  per  km. 
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D.  Mammals 

Due  to  three  different  sampling  techniques  used  for  mammals,  this 
section  is  subdivided  into  bats,  large  mammals,  and  rodents. 

1.  Bats 

Thirteen  species  of  bats  occur  or  are  expected  to  occur  in  the 
Uinta  Basin  (Durrant  1952;  Currant  et  al.  1955;  Krutzsch  and  Heppenstall 
1955;  Ranck  1961).  Nine  of  these  species  were  captured  at  the  Asphalt  Wash 
pond.  What  may  be  four  additional  species  were  combined  as  two  species  due 
to  problems  in  discriminating  one  from  the  other  (see  Table  4.3-18). 

The  number  of  insects  (prey  base  for  bats)  captured  in  both 
June  and  August  and  their  mean  length  are  listed  in  Table  4.3-19  .  The 
average  catch  per  evening  was  182611224  in  both  months.  The  average  catch 
was  higher  in  June  (2284±983)  compared  to  August  (1253+1384).  The 
extremes  were  3344  insects  captured  on  June  6th  and  46  insects  captured  on 
August  19th.  June  resulted  in  insects  representing  43  families  in  eiqht 
Orders.  August  produced  insects  representing  34  families  in  ten  Orders. 

Diptera  and  Lepidoptera  were  the  two  most  abundant  Orders 
caught  in  the  light  trap.   In  the  Diptera  family,  Chironomidae  (midges)  and 
Ceratopogonidae,  were  the  most  abundant  families  making  up  82  percent  and 
6.9  percent  of  the  total  capture,  respectively.  Both  members  of  these 
families  are  aquatic  insects  that  are  active  at  night.  In  Lepidoptera, 
Noctuidae  (noctuid  moths)  and  Arctiidae  (Arctiid  moths)  were  the  most 
abundant,  making  up  3.6  percent  and  2.9  percent  of  the  total  capture, 
respectively.  These  moths  are  nocturnal  in  habit  and  feed  on  various  types 
of  vegetation.  They  are  apparently  attracted  to  the  pond  because  of  the 
vegetation  surrounding  it. 
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Table  4.3-18.   Bat  species  abundance  and  sex  ratios  in  June  and 

August  in  Asphalt  Wash  on  the 
Utah  Oil  Shale  Tracts,  Ua  and  Ub 


Ji 
1977- 

jne 
-1980 

August 
1976-1980 

Number 

Captured 

±SD 

Sex  Ratio 

Number    '! 
Captured 
±SD 

Sex  Ratio 
</:? 

Little  Brown/Yuma  Bat 
Myotis  lucifugus/ 
M.  yumanensis 

3±4 

1:5 

3±3 

1:2 

Long-eared  Bat 
Myotis  evotis 

2±2 

1:6 

2±1 

1:2 

Long-legged  Bat 
Myotis  vol  an s 

7±7 

1:1 

5±6 

1:2 

Cal i  f orni  a/Smal 1 -footed 
Bat 

Myotis  cal i form' cus/ 
M.  leibii 

10±10 

5:1 

3±2 

2:1 

Silver-haired  Bat 
Lasionycteris  nocti- 
vagans 

10±3 

4:1 

0.6±0.6 

3:0 

Western  Pipistrelle 
Pipistrellus  hesperus 

14±11 

2:1 

20±15 

1:1 

Big  Brown  Bat 
Eptasicus  fuscus 

0.2±0.5 

1:0 

- 

- 

Hoary  Bat 
Lasiurus  cinereus 

40±22 

8:1 

14±15 

2:1 

Townsend's  Big-eared  Bat 
Plecotus  townsendii 

X 

- 

0.2±0.4 

1:0 

Pallid  Bat 
Antrozous  pallidus 

3±5 

5:1 

2±1 

2:1 

Brazilian  Free-tailed  Bat  0.2±0.5 
Tadardida  brasilienensis 

1:0 

- 

- 
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Table  4.3-19 

Nocturnal  Invertebrates  Captured  1n  a  Black  Light 
Trap,  by  Order  and  Family,  at  the 

Asphalt  Wash  Gas  Pond  in  June  and  August,  1980 
from  2000  to  0400  Approximately 


Total  # 

Percentage 

MM±S.D 

3rder 

Family 

Captured 

of  Total 

\raneida  (spiders) 

3 

.  0.02 

7.3±2.1 

[phemeroptera 

2 

0.01 

10.0±8.5 

temiptera 

Corixidae 

8 

0.05 

8.9±3.3 

Miridae 

18 

0.11 

2.9±1.0 

Lygaeidae 

1 

0.01 

3.2 

-lomoptera 

Cicadellidae 

4 

0.02 

3.1±0.5 

Psyllidae 

1 

0.01 

2.3 

teuroptera 

Hemerobiidae 

2 

0.01 

3.8±0.4 

Chrysopidae 

8 

0.05 

8.0±2.2 

Myrmeleontidae 

1 

0.01 

30.0 

^oleoptera 

6 

0.04 

1.9±0.1 

Carabidae 

25 

0.15 

4.8±1.0 

Hydrophilidae 

1 

0.01 

5.1 

Staphylinidae 

35 

0.21 

2.7±1.0 

Heteroceridae 

3 

0.02 

5.0±0.3 

Phalacridae 

1 

0.01 

2.0 

Chrysomelidae 

1 

0.01 

2.5 

Scolytidae 

5 

0.03 

2.7±0.5 

Scarabaeidae 

rrichoptera 

Hydropsychidae 

123 

0.75 

6.8±1.5 

Limnephilidae 

14 

0.09 

11.4±0.7 

.epidoptera 

Div. 

Microlepidoptera 

94 

0.57 

3.2±0.9 

Pyralidae 

86 

0.52 

8.4±2.1 

Olethreutidae 

2 

0.01 

4.4±0.5 

Tortricidae 

2 

0.01 

6.2±3.9 

Cossidae 

4 

0.02 

16.5±2.2 

Gelechiidae 

35 

0.21 

4.6±1.0 

Geometridae 

23 

0.14 

9.4±1.9 

Arctiidae 

472 

2.88 

9.8±0.8 

Noctuidae 

582 

3.55 

14.6±2.2 

Notodontidae 

4 

0.02 

4.8±0.4 
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Table  4.3-19  (cont.) 


Order 


Diptera 


Hymenoptera 


Total  # 

Percentage 

MM±S.D 

Family 

Captured 

of  Total 

Lasiocampidae 

4 

0.02 

14.2±0.8 

Saturniidae 

1 

0.01 

12.0 

Sphingidae 

1 

0.01 

35.0 

Suborder  Nematocera 

1 

0.01 

1.5 

Tipulidae 

48 

0.29 

5.1±1.0 

Psychodidae 

43 

0.26 

1.2±0.3 

Dixidae 

7 

0.04 

2.6±0.6 

Culicidae 

6 

0.04 

5.6±0.5 

Ceratopogonidae 

1,128 

6.88 

1.4±0.2 

Chironomidae 

13,448 

82.02 

2.8±0.7 

Simuliidae 

1 

0.01 

2.0 

Mycetophilidae 

2 

0.01 

3.2±1.1 

Sciaridae 

5 

0.03 

1.9±0.2 

Scatopsidae 

8 

0.05 

2.6±0.1 

Cecidomyiidae 

41 

0.25 

1.1±0.4 

Dolichopodidae 

3 

0.02 

3.3 

Suborder     Cyclorrhapha 

18 

0.11 

2.4±0.5 

Tephritidae 

2 

0.01 

3.2±0.4 

Ephydridae 

13 

0.08 

2.4±0.7 

Chloropidae 

2 

0.01 

2.4±0.6 

Tachinidae 

1 

0.01 

4.5 

a          Braconidae 

23 

0.14 

4.8±1.7 

Ichneumonidae 

15 

0.09 

13.5±1.2 

Tiphiidae 

11 

0.7 

6.3±1.3 

Mutillidae 

7 

0.04 

12.0±2.6 

Vespidae 

6 

0.04 

7.2±0.4 

Specidae 

1 

0.01 

11.0 

Total  Families 


16,414 


100.12* 


Difference  due  to  rounding  error 
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Trichoptera  was  third  in  abundance  with  .84  percent  of  the 
total.  The  family  Hydropsychidae  (net-spinning  caddisflies)  consisted  of 
.75  percent  of  the  total.  These  caddisflies  are  aquatic  insects  which 
usually  occur  in  small  streams,  which  may  account  for  them  being  here  in 
such  small  numbers,  due  to  the  low  water  flow  in  the  pond. 

The  remainder  of  the  insects  were  present  in  very   low  numbers. 

Coleoptera  (beetles)  appeared  in  several  families  with 
Staphyl inidae  (rove  beetles)  and  Carabidae  (ground  beetles)  being  in  the 
majority.  Rove  beetles  are  the  largest  family  of  beetle  (2900  North 
American  species)  and  often  occur  along  the  shores  of  streams  (Borror, 
DeLong  and  Triplehorn  1976).  Ground  beetles  are  the  second  largest  family 
of  beetle  (2500  species)  and  often  hide  by  day  and  feed  on  other  insects  by 
night.  Hymenoptera,  represented  primarily  by  Braconidae  (braconids)  and 
Ichneumonidae  (Ichneumons)  are  not  normally  nocturnal  and  most  were  caught 
in  the  early  evening.  These  are  parasitic  wasps  which  deposit  their  eggs  in 
a  variety  of  insect  hosts.  Hemiptera  (true  bugs)  were  represented  by  three 
families  with  Miridae  (plant  bugs)  being  most  abundant.  This  family  is  the 
largest  in  the  order  and  possibly  should  have  turned  up  more  numbers.  Their 
response  to  black  lights  as  an  attractant  may  be  low.  Homoptera  (hoppers), 
Neuroptera  (Lacewings),  Araneida  (spiders),  and  Ephemeroptera  (mayflies) 
were  caught  in  such  small  numbers  their  mention  here  is  only  to  recognize 
their  presence  at  the  pond.  The  mayflies,  however,  are  aquatic  insects  that 
usually  emerge  from  an  area  in  large  numbers  and  it  is  possible  that  our 
trap  was  not  in  operation  during  one  of  these  watches. 

Bats  were  sighted  but  not  identified  in  all  habitat  types. 
The  highest  concentration  occurred  in  riparian  communities  along  the  White 
River,  Evacuation  Creek,  and  at  small  isolated  ponds  in  upland  areas.  Small 
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bats  were  also  encountered  in  the  drier  habitats,  more  often  in  the 
sagebrush-greasewood  and  juniper  than  in  the  shadscale.  Since  mist  netting 
was  successful  only  at  isolated  ponds  which  concentrated  bat  activity, 
comparisons  of  abundance  and  species  richness  between  habitat  types  could 
not  be  made. 

Bat  abundance  peaked  in  1978,  the  year  following  the  drought. 
Due  to  variability  within  samples,  abundance  did  not  differ  significantly 
from  other  years  (Figure  4.3-30).  A  higher  abundance  occurred  in  June, 
0.3+0.5  bats  per  trap  hour,  than  in  August,  0.2+0.4  bats  per  trap  hour, 
but  was  also  insignificant.  Changes  in  nightly  activity  patterns  and 
abundance  are  depicted  in  Figure  4.3-31  for  June  and  in  Figure  4.3-32  for 
August. 

Captures  between  sampling  periods  and  years  were  not 
determined  since  our  marks  were  temporary.  Captures  within  sampling  periods 
resulted  in  one  recaptured  bat.  In  June  1978  when  140  individuals  were 
captured  one  bat  flew  back  into  the  net  after  marking  and  release.  This 
suggests  that  bats  learn  to  avoid  nets  after  a  single  trial  or  these  desert 
bats  are  quite  nomadic,  seldom  returning  to  the  same  area  within  a  five 
night  period. 

2.  Large  Mammals 

Nineteen  species  of  large  mammals  occurred  on  the  tracts. 
Sixteen  of  these  mammals  were  permanent  residents  and  one  species  each  in 
the  summer  resident,  winter  resident  and  transient  categories  (Table 
4.3-20).  Three  of  these  mammals  accounted  for  more  than  95  percent  of 
mammalian  abundance  calculated  from  line  transects.  One  species  was  native 
to  the  area,  the  desert  cottontail  (Sylvilagus  audubonii)  and  the  other  two 
species  were  domestic  livestock,  sheep  Ovis  aries)  and  cattle  (Bostaurus) . 
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Table  4.3-20 

Large  mammals  observed  on  and  off  transects  and 
reported  by  previous  investigators  on  the  Utah  Oil  Shale  Tracts 

Ua  and  Ub. 


X  -  Present 
-  -  Absent 


PERMANENT  RESIDENTS 
Consistent  Species 

Desert  Cottontail 
Sylvilagus  audubonii 

Beaver 
Castor  canadensis 

Muskrat 
Ondatra  zibethicus 

Porcupine 
Erethizon  dorsatum 

Coyote 
Cam's  latrans 

Badger 
Taxidea  taxus 

Striped  Skunk 
Mephistis  mephistis 

Mule  Deer 
Odocoileus  hemionus 


Abundance  by  Habitat 
Number/Kilometer 

Sagebrush-  Shadscale  Juniper  Riparian 
greasewood 


2±4* 
X 


X 
X 
X 


1±1 

X 


1±2 


X 
X 
X 


<1 


<1 


2±3 
<1 
X 
<1 
X 
X 
<1 
<1 


Inconsistent  Species 

Black-tailed  Jackrabbit 
Lepus  californicus 

Yellow-bellied  Marmot 
Marmota  flaviventris 

Rock  Squirrel 
Spgrmophilus  variegatus 


X 
X 
X 
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Table  4.3-20  (cont.) 


Sagebrush-  Shadscale  Juniper  Riparian 
greasewood 


White-tailed  Praire  Dog 
Cynomys  leucurus 

Gray  Fox 

Urocyon  cinereoargentus 

Long-tailed  Weasel 
Mustela  frenata 

Bobcat 
Lynx  rufus 

Pronghorn 
Antilocarpra  americana 

SUMMER  RESIDENTS 
Consistent  Species 

Domestic  Cattle 
Bos  taurus 

WINTER  RESIDENTS 
Consistent  Species 

Domestic  Sheep 
Ovis  aries 

TRANSIENTS 

Inconsistent  Species 

Mountain  Lion 
Felis  concolor 

TOTAL  SPECIES 

OFF-TRACT  RESIDENTS  OR  TRANSIENTS 

White-tailed  Jackrabbit 
Lepus  townsendii 

Black  Bear 
Ursus  americanus 

Wild  Horse 

Equus  cabal! us 


8±18 


12 


41  ±66 


X 
17 

X 
X 
X 


X 
X 


X 
X 


6±4 


9±31 


9±20 


10 


14 


*  Standard  Deviation 
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Comparing  large  mammal  abundance  between  types  using  just  the 
cottontail,  all  wild  animals,  and  both  wild  and  domestic  mammals  resulted  in 
no  significant  differences  between  habitats.  Although  cottontail  abundance 
(Figure  4.3-33)  show  a  numerical  preference  for  sagebrush-greasewood  and 
riparian  habitats;  however,  this  preference,  when  wild  and  domestic  species 
are  combined,  switched  to  shadscale. 

Comparing  large  mammal  species  richness  between  habitat  type 
using  both  wild  and  domestic  mammals  resulted  in  the  riparian  community 
supporting  the  most  species,  3-2  species  compared  to  2±1  species  in  the 
other  three  habitats  (n=116,  p<0.01,  F=8.13). 

During  1976  wild  mammals  reached  their  highest  abundance  in 
six  years  (n=116,  p<0.01,  F=14.01).   Since  1976  abundance  has  consistently 
declined.  Adding  the  domestic  mammals,  1976  was  significantly  higher  than 
all  years  except  1978  (n=116,  p<0.05,  F=2.62)  as  shown  in  Figure  4.3-34. 
Species  richness  peaked  in  1977,  the  drought  year,  at  4-2  species, 
significant  compared  to  1975  and  1979-1980  (n=116,  p<0.01,  F=4.06). 

3.  Rodents 

Twelve  species  of  rodents  were  trapped  on  the  tracts. 
Another  five  species  were  collected  or  sighted  on  or  near  the  tracts  but 
their  current  status  in  unknown  (Table  4.3-21). 

The  two  shrub  communities  supported  higher  rodent  densities 
than  the  two  wooded  communities  through  six  years  but  the  differences  were 
statistically  nonsignificant.  Sagebrush-greasewood  supported  21-13 
rodents/ha  and  shadscale  19-16  rodents/ha.  Riparian  supported  15-11 
rodents/ha  and  juniper,  12-11  rodents/ha.  Species  richness  has  highest  in 
juniper  7-2  species  and  lowest  in  riparian,  5-2  species  (n=24,  p<0.05, 
F=3.24).   Diversity  indices,  H',  resulted  in  the  riparian  community 
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Table  4.3-21 

Rodent  density  within  habitat  types  on  the  Utah  Oil  Shale 
Tracts,  Ua  and  Ub,  Uintah  County 

X  Present 

-  Absent 


Sagebrush- 
greasewood 

PERMANENT  RESIDENTS 
Consistent  Species 

Least  Chipmunk 
Eutamias  minimus 

White-tailed  Antelope  Squirrel   2.0±2.6 
Ammospermophilus  leucurus 


Golden-mantled  Ground  Squirrel 
Spermophilus  lateralis 

Apache  Pocket  Mouse 
Perognathus  apache 

Ord's  Kangaroo  Rat 
Dipodomys  ordii 

Western  Harvest  Mouse 
Reithrodontomy  megalotis 

Carton  Mouse 
Peromyscus  crinitus 

Deer  Mouse 
Peromyscus  maniculatus 

Brush  Mouse 
Peromyscus  boy! i  i 

Pifion  Mouse 
Peromyscus  truei 

Desert  Woodrat 
Neotoma  lepida 


Density  by  Habitat 
Number/Hectare 

Shadscale    Juniper    Riparian 


0.2±0.2 

X 

1.2±1.5 

0.U0.3 

2.0±2.6 

2.U3.2 

0.2±0.3 

X1 

X 

0.1   0.2 

0.1   0.2 

X 

3.5±2.5 

2.4±0.4 

1.3±1.0 

0.1   0.3 

7.2±4.0 

4.3±4.0 

0.U0.2 

0.2±0.3 

0.6±0.9 

0.8±1.1 

0.U0.2 

1.3±2.0 

- 

X 

0.9±1.1 

- 

6.8±7.3 

9.0±11.1 

3.6±3.0 

11.4±8.7 

- 

0.1±0.2 

X 

0.2±0.3 

0.U0.3 

- 

0.9±1.9 

- 

0.5  0.7 

0.5  1.0 

3.2  3.1 

0.2  0.3 

1  Evacuation  Creek  only 
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Table  4.3-21  (cont.) 


Bushy- tailed  Woodrat 
Neotoma  cinerea 


Sagebrush.-    Shadscale    Juniper    Riparian 
greasewood 

X  X       0.6±1.1     1.0±1.2 


STATUS  UNKNOWN 


Status 


Colorado  Chipmunk 
Eutamias  quadrivittatus 

Thirteen-lined  Ground  Squirrel 
Spermophilus  tri decern! ineatus 

Northern  Pocket  Gopher 
Thomomys  talpoides 

Olive-backed  Pocket  Mouse 
Perognathus  fasciatus 

Northern  Grasshopper  Mouse 
Onychomys  leucogaster 


Grant  et  al.  1980;  Olsen  1973; 
Ranck  1961 

Grant  and  Kung  1979;  Ranck  1961 


Perry  1975 


Olsen  1973;  Perry  1975 


Perry  1975 
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supporting  the  lowest  rodent  diversity,  0.5910.35,  compared  to  the  other 
three  habitat  types  (n=24,  p<0.01,  F=8.88).  Juniper  had  the  highest 
diversity  index  at  1.46+0.28,  followed  by  sagebrush-greasewood  at 
1.21*0.31  and  shadscale  at  1.14*0.25. 

Seasonal  trapping  for  rodent  abundance  through  six  years 
produced  much  the  same  results  as  the  large  grid  trapping  for  density 
estimates.  Differences  in  rodent  abundance  between  habitats  were 
nonsignificant.  Species  richness  was  again  lowest  in  the  riparian  (n=91, 
p<0.01,  F=ll . 69) .  One  difference  between  seasonal  and  grid  was  the  richness 
in  the  juniper.  According  to  grid  trapping  richness  did  not  differ 
significantly  from  the  two  shrub  communities.  However,  richness  was 
significantly  higher  in  juniper  than  sagebrush-greasewood  and  shadscale 
according  to  seasonal  trapping. 

Rodent  density  estimates  from  1975-1980  in  all  habitats 
resulted  in  marked  differences  (Figure  4.3-35).  In  1976,  the  year  following 
the  desert  bloom,  rodent  densities  peaked  at  39*7  rodents/ha,  far 
exceeding  densities  in  1975  and  1977-1980  (n=24,  p<0.01,  F=18.25).  Lowest 
density  occurred  in  1977,  the  drought  year  (5±3  rodents/ha)  and  remained 
low  through  1979  with  a  significant  increase  in  1980  (20±9  rodents/ha) 
(p<0.05).  1975  and  1980  densities  were  equivalent.  Like  large  mammals, 
rodent  increase  lagged  one  year  behind  an  increase  in  primary  production. 
Unlike  large  mammals,  rodents  did  not  slowly  decline  during  and  after  the 
1977  drought,  but  crashed  and  have  since  increased. 

Species  richness  peaked  with  density  in  1976,  8*1  species 
(n=24,  p<0.05,  F=2.84).  Richness  during  all  other  years  ranged  from  5-6 
species  per  year  trapped  in  the  large  grids.  Highest  diversities  were  in 
1975,  1.35*0.24,  and  1976,  1.36+0.48,  and  the  low  in  1977,  0.73+0.53. 
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Although  no  significant  differences  between  years  were  found,  diversity 
indicies  may  serve  as  indicators  to  rodent  population  increase  (e.g.,  the 
high  1975  diversity  prior  to  the  population  "eruption"  in  1976). 

Seasonal  trapping,  which  resulted  in  the  same  ranking  as  grid 
trapping  (1976  -  highest  abundance,  1977  -  lowest  abundance)  provided  some 
differences  in  analysis  absent  from  density  estimates.  Abundance  in  1976 
and  1980  were  eguivalent  and  both  exceeded  all  other  years  (n=91,  p^O.Ol, 
F=27 .34) .  The  1980  increase  was  due  primarily  to  increased  density  of  Ord's 
kangaroo  rat  (Dipodomys  ordii)  captured  in  the  shrub  communities. 
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